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A METHOD OF ENRICHING RARE CELLS 

This application claims the benefit of U.S. Provisiona] Patent Application Serial 
No. 60/014,929, filed April 5, 1996, which is incorporated by refeience in its entirety. 

TECHNICAL FIFI I> THE INVENTfON 
The present invention relates to a method of enriching rare cells in a fluid 
containing a mixture of rare cells and ncMi-rare cells, and particulariy to a method of 
enriching rare non-blood cells such as cancer cells, from bodily fluids, such as blood. 

BACKGROU ND OF THR INVENTIQN 
There has been a growing interest in enriching rare cells (e.g., for subsequent 
isolation and characterization) over the past several years. This may be attributed at 
least in part to the recognition tiiat rare ceils, such as cancer cdls. can provide 
information that is helpful in the diagnosis and/or treatment of various medical 
conditions. 

The desire to enridi canco: cells is based in part on the knowledge Oat a majority 
of cancer deaths occur due to die m^astasis of tumors. As such, the presence of 
carcinoma cells m the peripheral blood is an indication of cancer cell spread, and 
enriching such cancer cells would be of great diiignostic benefU. This need b 
particularly acute in prostate cancer, wherein approximately two-thirds of such cancers 
are clinically localized at the time of dsignosis. but only about half of these prove to be 
conftaied to tiie prostate at the time of suigeiy. Thus, neariy one-tiiird to one-half of 
cancers have spread beyond the prostate when first identified, cancers which could be 
detected at any eariier stage if accurate, highly sensitive enrichment methods were 
available. 

Much of the activity with respect to dte early detection of prostate cancer has 
centered around the usefiifaiess of semm prostote ^ific antigen (PSA). However, PSA 
is organ specific and not cancer spedfic. and is produced by normal, benign, and 
malignam prostate epitiidium. As a result, die positive predictive vahie for PSA as a 
screen for prostate cancer is gatoally less tiian 50 percent. 
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Addittonally. the maximal level of cancer cells in Ae peripheral blood has been 
estimated to be two in 10' leukocytes. Fidler. Cancer Res.. 50. 6130 (1990). Thus, 
while studies have suggested that prostate cancer cells circulate in tte bloodstream of 
men with advanced disease, it is difficult to detect these few circulating cancer ceUs. 
5 Methods for separating and detecting cancer cells have mcluded, for example, 

using immunomagnetic beads and the polymerase chain reaction (e.g., Hardingham et 
al. Cancer Res. . 53, 3455 (1993)). using density gradient gels (e.g.. U.S. Patent No. 
4,255,256), or using density gradient centrifugation foUowed by immunological 
separation to bind the cancer ceUs (e.g., Griwatz et al., J, Inoniimol. Mettlff<>?r» ISO., 

10 251-265 (1995)). 

These methods have been generally unsatisfactoiy as they lack the efficiency and 
sensitivity to separate the few cancer cells in a blood sample. AdditionaUy, these 
methods may provide low ceU recoveiy, since die highly fragile cancer cells can be 
damaged during the separation process and/or the reUitively stfcky cancer cells can 
15 become inBapptapnXtoly bound datiag the sqnration jvocess. 

For example, conventional processes utUize "positive selection", wherein a rare 
cell is bound to a biiKling agent such as an andbody , and the bound rare cell is separated 
from the non-rare cells. Thereafter, the rare cell is separated from the antibody by heat 
or other suitable means, which can damage or destroy the rare cell, making it difficuh 
20 to detect and/or cutaire. Additionally, or alternatively, some processes involve 
. concentrating cancer cells by centrifugation. However, since some cancer cells are 
fragile and/or tend to stick to surfaces onto which they come into contact, these 
processes can also damage or destroy the rare cells, which is undesirable as described 
above. Furthermore, some processes provide for "fixing" the cells during the separation 
25 proccM. thus rendering them unsuitable for culturing or PGR analysis. 

In view of die foregoing, Acre exists a need for an efficient, highly sensitive and 
highly reproducible metiwd for enriching rare cells from a population of cells. There 
is also a need for a meUiod tiiat can minimize damage to diose rare cells that are fragtte 

and/or stid^. 

30 The present uwention provides for ameliorating at least some of the disadvantages 

of the prior art. These and other advantages of the present invention will be apparent 
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fhmi the description as set forth below. 

SUMMARY OF THE INVENTION 
The present invention provides a method for enriching rare cells in a fluid 
comprising the rare cells (that are preferably rare non-blood cells) and non-rare cells. 
S An embodiment of the mediod comprises (a) subjecting the fluid comprising rare cells 
and non-rare cells to density gradient separation and producing a fluid comprising an 
increased concentration of rare cells; (b) subjecting the fluid having an increased 
concentration of rare cells to an agent that binds non-rare cells; and (c) removing the 
bound iK>n-rare cells from die fluid so as to enrich the rare cells in tte fluid. 

10 Another embodiment of die method comprises (a) subjecting the fluid to deisity 

gradient separation and producing a furst fluid comprising an iiurreased concentration of 
rare cells and a second fluid comprisii^ an increased concentration of rare cells; (b) 
subjecting at least one of said first fluid and said second fluid to an agent that binds non- 
rare cells; and (c) removing the bound non-rare cells from the first and/or the second 

IS fluid so as to eoridi the rare cells in the fluid(s). Typically, after the bound ncm-rare 
cells are ronoved from die first and/or the second fluid, the rare cell-containing first 
fluid and second fhiid are combined. 

Embodiments of die pnssent invention also provide for fiuiher processing tte 
cells. For example, rare cells (such as cancer cells) can be identified and/or cultured. 

20 niustratively, in some embodiments involving identification, ^)ecific antigras in and/or 
on die cancer cells can be delected. Additionally, or alternatively, die esqHession of 
specific nucleic acids can be d etecte d, and, if ctesired, chromosomal changes (e.g., 
aneuploidy) can be dececfed. In one embodiment, an identification protocol includes 
cmnbination staining (involving immunocytodiemistry staming) and fluorescent in situ 

25 hybridization (FISH). Embodiments of d» invention also provide improved methods of 
diagnosis, staging, and monitoring of cancer in a patient. 

The present invention fiirdiar provides certain nucleic acid sequences suitable as 
probes for cancer cells, particularly prostate cancer cells. The present invention further 
provides compositions comprisii^ die rare cells isolated by the various prcxxsses. 
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BRIEF DESCRffTION OF THE DRAWINGS 
Fig. 1 schonatically depicts a density gradient column before (on the left) and 
after (on the right) centrifugii^ a fluid sample (e.g., blood). Four regions are formed 
after centrifugation: Plasma I, Interface I, Gradient I, and Cell Pellet I. Interface I and 
S Gradient I are combined to provide a first fluid including an increased coitcentration of 
rare cells^ referred to below as the Collection I fluid. Plasma I and Pellet I can be 
combined and centrifuged to form another column having four regions. 

Fig. 2A and 2B schematically depict centrifuging the combined Plasma I and 
Pellet I (from Fig. 1) on a single density gr^ent cohmm (Fig. 2A) or a double density 

10 gradient column (Fig. 2B). The schematics ilhistrate the colunms before (on the left) and 
after (on the right) centrifugation. Four regions are formed after centrifiigatioii: Plasma 
n. Interface II, Gradient n, and Pellet II. Ghradient II and Interface II will be combined 
to provide a second fluid inciudii^ an increased concentration of rare cells, referred to 
below as the Collection n fluid. 

IS Fig. 3 schematically dq>ict anoflier onbodiment of the im^ention, wherein a 

double density gradient column can be utilized to form six regions after centrifugaticm. 
The left side of Fig. 3 illustrates the double density gradimt colunm and fluid sample 
(e.g., blood) before centrifugation, and the right side illustrates the cohunn after 
centrifugation. Six regions are formed after centrifugation: Plasma, Interface I, 

20 Gradient I, Interface II, Gradient n, and Pellet. Interface I and Gradient I will be 
cranbined to form (he Collection I fluid, and Interfile n and Gradioit II will be 
combined to form the Collection II fluid. The Collection I and II fluids each have an 
increased concentration of rare cells. 

Fig. 4 schematically depicts one exemplary embodiment of the negative selection 

25 process of the present inventicm. The Cdlection II fluid is incubated with one or RK>re 
primary antibodies to the non-rare cells, e.g., antibodies q)eciflc to white blood cell 
and/or red blood cell antigens. The Collection 11 fluid containing the primary antibodies 
is then incubated with secondary antibodies that are bound to stqspwts sudi as nuignetic 
beads. The primary antibodies bind to the non-rare cells, and die secondary antibodies 

30 (that are bound to the beads) bind to the primary antibodies. Accordii^ly, the removal 
of the beads from die fluid provides a fhiid enriched with the rare ceDs, referred to 
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below as the Collection m fluid. 

Fig. 5 schematically dq>icts that the Collection I and III fluids, that each inchide 
nue cells, can be combined. If desired, the rare cells can be used for cell culturing 
and/or slide preparation. 

nKTAN npy-pipnoN of t he preffrrfd embodiments 
The present inventimi provides a sensitive, economical, and reproducible method 
for mriching rare cells in a fluid comprising rare and non-rare cells. In accordance with 
the invention, a fluid comprising rare and non-rare cells is subjected to density gradient 
sq>aration, before producii^ at least one fluM CQnq[)rising an increased concendration of 
rare cells. The fluid con^^rising an increased concentration of rare cells is subjected to 
a "negative selection process" comprising contacting the fluid with an agent which binds 
the m>n-rare cells. The bound non-rare cells are then sq>arated from the fluid, providing 
a fluid enriched with the rare cells. The rare cells can be fiirther processed, e.g., to 
identify, characterize, and/or culture the ceUs. For example, the rare cells can be 
identified and characterized to d^ect one or more types of cancer. Embodiments of the 
present invention provide for monitoriqg the progress, or regression, of cancer during 
or after therapy, and are particularly useful for monitoring prostate cancer in men. 

In an embodiment, a fluid comprising rare and non-rare cells is subjected to 
density gradient separation, before pioducipg a first fluid con^iqg an increased 
concemration of rare cdls and a second fluid conq[>risiiig an hicreased concentration of 
rare cells. This first fluid and/or second fluid is subjected to the negative selection 
process comprisii« coniactiqg the fluid(s) with an agent which binds the ]K>n-rare cells. 
The bound non-rare ceUs are thm sqiarated from the fluid(s), providing die fluid(s) 
enriched with the rare cells. 

Additionally, since embodiments of the mediod according to fte invention can be 
carried out while minimizing stress to those rare cells that are fragile and/or sticky, the 
rare cells can be recovered essentially unscathed. This is especially desirable, as the Uve 
recovered rare cells have a variety of uses, e.g., for studies of the whole cell and/or ceU 
culturing. Moreover, embodiments of the method allow different forms of rare ceUs in 
the same sample (e.g., "light" and "heavy" rare cells) to be processed differently, thus 
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allowing a great prqportim. if not substantially all. of the rare cells to be recovered, 
while reducing the presence of the non-rare cells in the rare cell-enridied fluid. 

An embodiment of the invention provides a method for enriching rare cells in a 
fluid sample comprising rare cells and non-rare cells, comprising (a) obtaining the 
sample comprising rare cells and non-rare cells; (b) subjecting the ftaid sample to density 
gradient separation and producing a fluid having an increased concentration of rare cells; 
(c) subjecting the fluid havii^ an increased concentration of rare cells to a bindii« agent 
that binds non-rare cells; (d) removing the bound non-rare cells from the fluid to provide 
a fluid enridied with rare cells. Preferably, the rare cells are cancer ceUs. In some 
embodiments, the non-rare cells comprise blood cells. i.e. , white blood cells (leukocytes) 
and/or red blood cells (erythrocytes). 

In one embodiment of the invenUon, a method for enriching rare non-blood cells 
in a fluid sample comprising rare non^lood cells and non-rare cells, whercm the ratio 
of the rare non-blood cells to the non-rare ceUs is at least about 1:100.000, comprises 
(a) obtaining the fluid sanq>k comprising rare non-Mood cells and non-rare cells; (b) 
subjecting the fluid sample to density gradient separation and producing a first fluid (I) 
comprising an increased concentration of rare non-blood cells, and a second fluid (II) 
comprising an mcreased concentration of rare non*lood cells; (c) subjecting at least one 
of said first fluid (1) and said second fluid (D) to a bmding agent that binds non-rare 
cells; (d) removing the bound non-rare ceUs from the first fluid 0) and/or the second 
fluid (ID to provide a first fluid Oa) enriched with rare non-blood cells and/or a second 
fluid (Da) enriched with rare non-blood cells. 

In another embodiment, a method for enriching rare non-blood cells in a fluid 
sample comprising rare non-blood cells and non-rare cells, wherein the ratio of the rare 
non-blood ceUs to the non-rare cells is at least about 1:100,000. comprises (a) obtaining 
the fluid sample comprising rare non-blood cells and non-rare ceUs; (b) subjecting the 
fluid sample to density gradient separation and producing a fluid comprising an increased 
concentration of rare non^kwd cells; (c) subjecting the fluid comprising an increased 
coiKentration of rare non-blood ceUs to a binding agent that binds non-rare cells; (d) 
removing the bound non^are cells fitom the fluid to provide a fluid enriched with rare 
non-blood cells. 
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AiM^her embodiment accoiding to the invention provides a method for enriching 
cancer cells in a blood sample comprising (a) obtaining the blood sample conqirising 
cancer cells; (b) subjecting the blood sanq>le to dmsity gradient separation and producing 
a first fluid comprisitq; an increased concentration of canc^ cells of a first density, and 
5 a second fluid ccnnprising an increased concentration of cancer cells of a second density, 
wherein the second density is greater dmn die first density; (c) subjecting said second 
fluid to a binding agent that binds white blood cells and/or red blood cells; (d) removing 
the bound white and/or red blood cells from the second fluid to provide a second fluid 
enriched with the greater density cancer cells. In some embodimaits» the second fluid 

10 comprising an increased coKemration of cancer ceUs of a second density is subjected to 
a binding agent that binds white blood cells and red blood cells, and the bound blood 
cells* i.e., the white and red blood cells, are removed from the fluid. In one preferred 
embodiment, the cancer cells having different densities are prostate cancer cells. 

Any fluid containing rare and non-rare cells can be processed according to the 

IS invention. Embodiments of the invention are suitable for enriching rare cells in a fluid 
wherein die ratio of rare cells to non-rare cells in the fluid is at least about 1 : 10,000, and 
are especially suitable for enrichii^ rare cells in a fluid wherein the ratio of rare cells 
to non-rare cells in the fluid is at least about 1:100,000. In accordance with the 
invention, the concentration of rare cells can be increased by at least about 10-fold, 

20 preferably, increased by at least about 100-fold, and in sraie embodiments, increased by 
at least about 500-fbld, as compmA to the ratio of rare cells to non-rare cells in the 
original sample. 

The present invention^ parttculariy for some of those embodiments wherein the 
rare cells to be enriched are cancer cells, is capMc of providing relatively high levels 
25 of cancer cell recovery from fluids. For example, recoveries as high as 70%, or more, 
based on the number of cancer cells in a blood sample have been observed. In addition, 
some anbodhnents provide sufflciently highly semitivity to allow one to detect at least 
1.5 cancer cells per millilit^ of Wood (e.g., from a 20 ml blood sample). 

The method of die present invention is sur(msing and unexpected in that it can 
30 provide the foregoing advantages while utilizing "negative selection", i.e., binding the 
poA'Pre cells, a procedure diat is precisely die q^iosite of conventional processes, that 
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Utilize "positive selection", i.e., binding the iffis cells. 

Examples of fluids tiiat can be processed in iK^cordanoe with ttie invention include 
bodily fluids, e.g., blood* urine, saliva, lymph, spinal fhiid, semen, anmiotic fluid, 
cavity fluids, and tissue extracts. 
5 The rare cells that can be enriched in accordance with the invention include a 

variety of cells of thenq>eutic or diagnostic interest, including but not limited to, cancer 
cells. In those embodin^nts wherein the fluid to be processed comprises a bodily fluid, 
tte rare cells are cells that are present in, or produced by, the body, and are not 
normally present in the bodily fluid. For exanv>le, the rare cells in the fluid can be 

10 cancer cells, and the non-rare cells can be non-cancer cells. In one embodiment, the rare 
cells are rare non-blood cells, such as, for exanq[>le, prostate cancer cells. 

The cancer cells, of course, can comprise a cell from any one of a number of 
different cancers including, but not limited to, those of epithelial origin. The term 
cancer should be furtter understood to nconqpass localized cancer (e.g., localized in 

15 tumors), as well as non-localized cancer. In particular, carcinomas of the bladder, brain, 
breast, colon, Iddney, liver, tuqg, ovary, pancreas, prostrate, rectum, and stomach are 
included, as are tumors in the form of a sarcoma (e.g., a fibrosarcoma or 
rhabdosarcoma), a hematcq>oietic tumor of lymphoid or myeloid lineage, or another 
tumor, including, but not limited to, a melanoma, teratocarcinoma, neuroblastoma, or 

20 glicNna. 

In accordance with the invention, fluids comprising rare and nourrare cells 
are subjected to density gradient separation before carrying out negative selection. This 
is advantageous, particulariy for ttiose embodiments wherein the rare cells are cancer 
cells, since in general (using a bodily fhiid such as blood for exan4>le), die (teisity of 

25 most cancer ceils is less tiian other circulating blood cells, such as nucleated white blood 
cells, due to the fact that such cancer cells are much larger, and thus lighter per unit 
mass, than the other blood cells. This being said, however, scxne cancer cells are 
heterogenous in nature, and certain kinds of cancer cells can have densities that are 
similartothatof nucleated white blood cells. Accordii^ly, as will be described in more 

30 detail below, some embodiments of die invention include carrying out densiQr gradient 
separation at least twice, and/or using one or more multiple density gradtent columns 
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(i.e., columns having two or more density gradients) to further improve the efficiency 
of the enrichment process. 

Density QrBxf.mt gcparatipn 

Generally, density gradient separation processes involve preparing one or more 
S layers of gradient media, wherein the density or densities of the gradtent media should 
be higher than the density of the rare cells to be separated. Typically, the fluid 
con4>ris]ng rare cells and iK>n-rare cells is placed onto the upper layer of the gradient 
medium (or uppermost gradient medium), the media and the fluid are centrifiiged until 
the components of tfie fluid separate from one another according to flieir individual 
10 c(»nponent densities. 

For example, using Figure 1 for reference, and using a bodily fluid such as blood 
as an illustrative fluid comprising rare cells and non-rare cells, the contents of the 
centrifuge tube can appear after centrifiigation as follows: a plasma layer (Plasma I), an 
interface layer (Int^ace I), a density gradient layer (Gradient I), and a cell pellet (Pellet 
15 I) which resides at the bottom of the tube. The interface layer is flanked by the plasma 
layer cm one side, and the density gradient layer on ttie other. 

Rare cells Aat exist in both relatively light and heavy forms (e.g., some cancer 
cells such as prostate cancer cdls), will be present in ttie mterface layer, the adjacent 
density gradient layer, and in the ceU pellet, l^ically, the lighter cancer cells wfll be 
20 located in Oie interface layer and in die gradient layer, while the lehti vely heavier cancer 
cells will be located m die cdl pellet aloi^ with the white and red blood cells. 

In accordance with onbodiments of the invention, one can prepare a first fluid 
5uq)ension comprising an increased conccntoaticm of the "lighter** rare cdls, and a 
second fhiid su^)ension ccnnprising an increased concentration of the "^heavter" rare 
25 cells. This can be advantageous, since tfie rare cells having diffcrem characteristics 

be processed differently according to die invemion to improve rare cell recovery and 
reduce die presence of non-rare cells, while minimizing stress to the more fragile rare 
cells. Dhistratively , die susprasM>n comprising an increased concentration of heavier rare 
cells can be exposed to an agent diat binds the non-rare cells, and the bound non-rare 
30 cells can be removed. However, die suqpoision coiiprising an increased concentrati^^ 
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of the lighter rare cells (that may be larger, more ftagUe and/or sticky) need not be 
exposed to the binding i^ent. 

For example, again using Figure 1 for refoence, a first fluid suqiension 
comprising an increased concentration of lighter rare cells can be prq>ared by ronoving 
die interface layer Qitttrf&ct I) and, preferably, the portion of the density gradient layer 
(Gradient 1) adjoining the interface layer, and placing the interface layer and the gradient 
layer in another toibe. Care should be exercised in removing the gradient layer so as not 
to disturb the cell pellet (Pellet I). Typically, about two-thirds of the adjoining gradient 
layer is removed. 

Theieaftw, the cells in the new tube are gently washed with a suitable dihient. 
such as phosphate buffered saline (PBS), and are then lightly cemrifiiged (e.g., 
centrifiiged at a force of about 20teg). The cell pellet that results from this processing 
is then suspended m a solution to form a first fluid comprising an increased concentration 
of rare ccUs. illustrated as the -Collection 1" fluid in Figures 1 and 5. Suitable solutions 
for use in forming the CbUection I fluid inchide, for example, an albumin sohition. such 
as a 1 wt.% bovine seium albumin sohition. The resulting cell suspension (the 
Collection I fluid), in which the relatively light cancer cells predominate, can be used 
for a variety of purposes, e.g.. ceU identification, and/or culturing, as wiU be discussed 
in greater detaU herein. If desired, tins fluid can be subjected to a negative selection 
process to bhid non-rare celte contained in the fluid, and the bound cells can be removed 

to produce a fluid enridwd witfi rare cells. 

In the case of rare cells such as cancer cells that are retotively heavy, or which 
comprise relatively light and heavy cells, a second fluid suspension comprisiug an 
increased concentration of rare cells (i.e., tiie relatively heavy cancer cells) can be 
prepared. For example, usmg Figures 1, 2A, and 2B for reference, the plasma layer 
(Plasma I in Figure 1) and the ceD pellet (Pellet 1 m Figure 1), which were not used 
when die relatively light cells were enriched, are removed and combined in a new tube, 
as iUustrated on the left in Figures 2A and 2B. This combination of die plasma and the 
pellet tnchides the relatively heavy cancer cells as well as red and white blood ceUs. 
Subsequently, this combination is subjected to a density gradient separation process. In 

some embodiments, prior to subjecting the combination to this separation process, the 
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density of the combiiiation is adjusted to conespond to sqpproximate that of die original 
fluid sample. For example, in those embodiments wherein the original sample comprises 
bloody the densiQr of the combination can be adjusted by adding plasma. 

As a result of the separation process^ the contents of the centrifoge tube can, as 
before, appear as four layers. For exanq>le, the right sides of Figures 2 A and 2B 
illustrate a plasma layer (Plasma II); an int^ace layer (Interface 11) containing the 
cancer cells as well as some white blood cells and red blood cells, a density gradient 
layer (Gradient II), and a cell pellet at the bottom (Pellet II). 

The interface layer (Int^ace H) and, preferably, the poition of the density 
gradient layer (Gradient 11) adjoining the interface layer, are removed and placed into 
a new tube. Thereafter, the cells in the new tube are gently washed with a suitable 
diluent, such as phoq>hate taiffered saline (PBS), and, typically, are then lightly 
centrifuged. The cell pellet diat results from this processing is then suspended in a 
solution to form a second fluid ccmqprising an increased concoitration of rare cells (as 
well as some white blood cdls and red blood cdls), iUustrated as the "Collection D" 
fluid m die right side of Figures 2A, 2B, and in the left side in Figure 4. Suitable 
solutions for use in forming die Qdlection II fluid include an albumm sohidon, such as * 
a 1 wt. % bovine serum albumin solution. The resulting cell suspension (the Collection 
n fhiid) is typicaUy subjected to a negative selection pnx:ess as w^^ 
detail below m die section entided "negative selection". 

In an altrnvitive embodimmt, for example, as ilhistrated m Figure 3* a multiple 
demky gradient cohmm can be utilized to provide a phuality of mterface and gradient 
layers, aiid die apinopriate layers can be combined and pr^ 
fluids having an increased con c e n li ation of rare cells. 

For example, an raibodimmt of the gradient cohmm as iUustrated in Figure 3 can 
be utilized to provide die Collection I fluid and die Collection II fluid, wherein each fluid 
has an increased concentration of rare ceDs. Dlustratively, a bodily fluid such as blood 
can be placed on die up^ layer of die gradient column, wherein the upper gradient 
density layer (Gradient I) has a density less dian dvit of die lower layer (Gradient A). 
After centrifiigation, die contents of die tube can ^>pear as follows: a plasma layer 
(Plasma), a first interface layer (Interfture 0* a first density gradient layer (Gradient I). 
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a second interface layer (Gradient U), a second density gradient layer (Gradient II). and 
a cell pellet (Pellet) tbat resides at the bottom of the tube. 

Typically, some of the lighter rare cells will be located in the Interface I and 
Gradient I layers, while some of the heavier rare cells will be located in the Interface n 
and Gradient II layers. In one embodiment (again using Figure 3 for refarace). the 
Interface I and Gradient I tayers are combmed to provide the Collection I fluid, and the 
Interface II and Gradient II layers are combined to provide ttie Collection D fluid. If 
desired, diluents can be used and/or su^}ensions can be formed as described above. The 
Collection I fluid and/or the Collection II fluid can be subjected to a negative selection 
process to bind the non-rare cells contamed in the flttid($), and the bound cells can be 
removed to produce fhiU(s) enriched with rare cells. 

A vari^ of density gradiem media and fwolocols for carrying out density 
gradient sqMuation are suitable for carrying out die invention. Thus, sin^ and/or 
multiple doisity cohmms can be used, and any suitable cmnbination of media ^nsities 
can be employed. Of course, density gradient separation according to the invention can 
also be carried out using continuous and/or discontiinious gradients. Differrat media and 
protocols can be utilized dependtog on the fluid to be processed and the cells of interest. 
Doisity gradient separation can be carried out any number of times to provide one or 
more fluids having an increased cmicentration of rare cells. The gradient medmm or 
media can also include one or more additives, e.g., to provide a desired density, or 
viscosity. Alternatively, or additionally, the additive(s) can provide for. for example, 
chmiping and/or aggregating of mm-iare cells durii^ die density separation process. 

In some embodiments, e.g., for separating relatively dense rare cells, such as, 
for example, dense prostate cancer cells, HCOLL 400" is a preferred medhmi. The 
medium is generally used in combination with a c<mipound. in solution, of relatively high 
density and relatively low viscosity, for example sodhun metrizoate and sodhmi 
diatrizoate. 

By way of exan^le, and in snne embodiments wherein the fluid comprises blood, 
density gradbnts cmitaining cdl aggregating « chmping agents such as m^ylceUulose, 
ISOPAQUE", dextran. and FICOLL" can be used. Bhat. ^ M T }mmm, Meth., 
158 . 277-280 (1993). ISOPAQUE" is a sodhun N-inethyl-3.5.-diacetamino-2.4.6- 
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triiodobenzoate. nCOLL"" (Accurate Chemical and Scientific Corporation. Westbwy 
New Yotk) is a syntbetic high polymer made by die copolymoization of sucrose and 
q>ichlorohydrin. These agents cause eiythrocyte chimping, and thus can be utilized to 
sepanle leukocytes from red blood cells. 

PERCOLL"* (available from Hiaimacia) density gradients are also suitable for the 
purposes of the present invention. PERCOLL* is a colloidal polyvinyl pyirolMone 
coaled silica having a pH of 8.9+0.3 at TO'C, a density of 1.13±0.005 g/mL, and a 
viscosity of 10l±5 cps at 20'C. 

The following section describes using PERCOLL" to provide a density gradient 
medium of any suitable dmsityr. It should be clear diat other media and preparation 
protocols are also suitable, and can be readily determined by one of ordinary skUl in die 
art. A stock solution of PERCOLL*" is prq>ared by cxnnbining die following ingredients: 
90 mL of PERCOUL'-, 9 mL of lOx Hank's Balanced Salt Solution (HBSS whhout 
calcium, magnesium, and phenol red). 1 mL of HEPES buffer (pH of 7.3). and 0.4 mL 
of I M HQ. The resulting sohititm has a pH of 7.4. Media havmg various ilhistrative 
dmsities can be obtained as f<^lows. A medhun having a density of 1.070 g/mL can be 
obtained by mixmg 24 vohimes of the PERCOLL"* stock sohition and 20 vohimes of Ix 
HBSS. A medhun having a density of 1.079 g/mL can be obtained by mixmg 27 
vohunes of the PERCOLL"* stock sohition and 15.9 vohimes of Ix HBSS. A medium 
having a density of 1.088 g/mL can be obtained by muting 23 vohunes of die 
I^COLL™ stock sohition and 10 vohunes of Ix HBSS. 

It may be advantageous to dihite the fhiid conqnisu^ rare cells and non-rare cells 
with a suitable dihient imor to pkKnng it on tiw density gradient cohunn. particukuly for 
diose embodiments whnem die flux! «»q>rises bkwd. Any suitable dihiem known to 
diose of oidinaiy ddU in die art can be enqilttyed. Examples of such diluents faichide 
buffers, e.g., physiological buffers sinrh as Tris buffer. phoq>hate buffer, citrate buffer, 
and phosphate buffeted satme (PBS), and salt sohitions, e.g., commercially available 
balanced salt sohitions such as Hanks balanced salt solution (HBSS), Earl's balanced salt 
sohition. Gey's balanced saU sohition. and die like. PBS is a prcfened dihient for 
dihitii^ blood. 

The fhud can be dihited widi die aforesakl diluent to any desired ratio. 
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Typically, however, in those embodiments wherein the fluid is a blood sanq>Ie» it is 
diluted in a vohmie ratio of from about 0.1 to about 10 (bloodzdiluent). advantageously 
in a vohmie ratio of from about 0.5 to about 5 (blood:dUuem). and preferably in a 
volume ratio of from about 1 to about 2 (blood:diluent). 

After the fluid sample is placed on the cohmm, the column and the sample are 
centrifuged. Centrifugation wUl typically be performed in any suitaMe centrifuge, and 
at a suitable force and for a suitable length of time, so that (he lighter rare cells are 
sqiarated from the heavier non-rare cells and other material, in some embodunents. tiie 
force of centrifuging should generally range from a force of from about 300xg to about 
600xg, preferably, from about 350xg to about 45Qxg. Of course, in other embodiments, 
the centrifuge can operate at a higher force, or a lower force, than described above. 

Coitrifugation can be carried out to any suitable length of time. In swne 
embodiments, centrifugation is carried out for about 1 minute to about 60 minutes, 
advantageously for about 10 minutes to about 50 minutes, and preferably for about 20 
minutes to about 40 mmutes. In the case where blood is the fhiid being processed, the 
centrifuging is preferably carried out for a period of about 30 minutes at a force of about 
400xg. 

Although those skilled in the art wiU be able to determine the appropriate 
densities, in the specific case of enridung prostate cancer cells in blood, the gradient 
medium (gel) should have a density of no less than about 1.06 g/mL, more preferably 
no less than about 1.068 g/mL. In one emibodiment involving the enrichment of prostate 
cancer cells, and utilizing a double density gradient, die double gradient should inchide 
layers having a density ranging from about 1.06 g/ml to about 1.10 g/ml. with about 
1.077 g/ml to about 1.083 g/ml being preferred. 

Embodiment of the method of the present inventton encompass die enrichment of 
many types of cancer cells that can circulate m a fluid such as blood. Tor examfrfe. as 
described below, cells from die classical Hepatoma Gj cell lines were culnired and put 
into normal human blood in known numbers. These samples were centrifuged in various 
deiBity gradients. The density gradiem having a density of 1.068 g/mL was found to be 
the gradient layer from which 80% of added hepatoma cells were recovered. The 
hepatoma cells also were found to be veiy sticky and fragUe. It is believed fliat tiiese 
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tepatoma cells have a similar density to the prostate cancer cells of the UiCaP line. 
Nepative Selection 

As noted earlier, the negative selectk>n process comprises sutijecting a fluid 
comprising rare cells and non-rare cells to an agent that biiKls non-raie cells, and 
5 removing the bound non-rare cells from the fluid. The ranoval of the bound non-rare 
cells provides a rare cell-enriched fluid. 

For example^ the Collection n fluid as described in any of the embodiments 
above can ccmiprise the heavier rare cells, as well as some non-rare cells that may have 
similar densities (e.g., some white blood cells and red blood cells). Accordingly, the 

10 Collection 11 fluid can be subjected to an agent that binds ttese non-rare cells. The 
removal of the bound non-rare cells provides a rare cell-enriched fluid, represented as 
the ''Collection HI" fluid in Figure S. 

In accordance with embodiments of the invention, the agent that binds to the 
non-rare cells typically comprises one or more antibodies, preferably monoclcmal 

IS antibodies, that specifically bind to fte non-rare cells. A variety of antibodies are 
suitable for carrying out the invention, and they can be derived from any suitable source. 
For example, in some embodiments, e.g., wherein the fluid comprising rare cells and 
non-rare cells inchides blood cells, suitable binding agents include antibodies that 
specifically bind to one or mote normal white blood cell surface antigens and/or red 

20 blood cell surface antigens. Alternatively, or SKlditionally, die bindii^ agent can 
ccmiprise, for example, anii-hiunan antibodies, e.g., that specifically bind to human 
normal \rtiite blood cells and/w human red blood cells. 

The negative selection process encraopasses both "direct** and "indirect** 
protocols. For exanq>le, cme example of a direct negative selection process inchides 

25 utilizing an antibody bound to a suf^rt wherein the antibody binds to a non-rare cell. 
An example of an indirect negative selection process includes using a "primary** antibody 
to bind to tte non-rare cell, and a **secoDdary" antibody (that is bound to a support) to 
bind to the ''primary" antibody. Preferably, tte primary and secondary antibodies are 
fiosn different species of animals. A variety of primary and secondary antibodies are 

30 suitable, and are conunercially available. 

IS 
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The use of a sappott (e.g., a particle such as a bead, more preferably a 
microbead) is desirable, since it allows the antibody-non-rare cell combination or the 
secondary antibody*primary antibody-non-rare cell craibination to be more readily 
removed from the fluid. Microbeads, which are well-known in the art, can be made of 
S any suitable material, inchiding plastic and magnetic materials, with magnetic microbeads 
being preferred, and superparamagnetic microbeads being even more preferred. A 
variety of suitable supports, particularly panicles such as microbeads (with or without 
antibodies bound thereto) are commercially available. Any separation m^hod and 
system known to those of cHdinary ^1 in the art diat is capable of ronoving the supped 

10 (e.g., the particles) from the fluid can be utilized. 

In one embodiment of a direct negative selection process, a fluid comprisii^ an 
increased concentration of rare cells (e.g., the Collection D fluid), is contacted with a 
mixtine of anti-human antibodies bound to support particles. The fluid thus produced 
is then incubated at a suitable temperature and for a suitable period of time so as to 

IS effect substantially complete binding of Ae andbodies to the non-rare cells. While the 
temperature and time of incubatk>n will vary, die incubation is preferably carried out at 
a subambient temperature, and tsMt preferably at about 4''C, fw a period of from about 
S minutes to 60 minutes, and preferably for a period of from about 10 minutes to about 
50 minutes. 

20 During die incubatimi, die aittibody/siqiport partkles and the cells are preferably 

gendy mixed, e.g., by using a suitable mixii^ or shaking device. The sappoti 
particles/antibodies, that now have non-rare cells bound to the andbodies, are sqiarated 
from the fluid as is known in the art. Illustratively, in some eml)odiments wherein the 
support particles are paramagnetic microbeads, the separation can be carried out using 

25 a magnetic particle concentrator. Suitable concentrators are commercially availabte, 
e.g.. from Dynal, Inc. (Mke Success, N.Y.). 

In an embodimem of an nidirect negative selection process, a fluid comprising an 
increased concentration of rare ceUs (e.g., the Collection II fluid), is contacted with a 
mixture of primary antibodies, e.g., anti-human antibodies. These primary antibodies 

30 are not bound to supports. The resulting mixture can then incubated as described above 
for the direct method. Thereafter, die fluid is contacted with secondary antibodies which 
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are bound to support particles. These secondary antibodies are selected so as to be 
specific to the primary antibodies. The support particles/secondary antibodies, that now 
also have primary antibodies/non*rare cells bound thereto, can be separated from the 
fluid as described above with respect to the direct negative selection process, e.g., by 
S using a magnetic particle concentrator. 

As noted above, in scmie embodiments, the use of superparamagnetic particles is 
preferred. Exemplary superparamagnetic microbeads have a magnetic susceptibility of 
from about 10^' cgs units to about lO'^ cgs units, and preferably from about 8x10^ cgs 
units to about lO"^ cgs units. CHie embodiment involving the use of a magnetic particle 

10 concentrator to separate the paramagnetic (or superparamagn^c) particles from the fluid 
can be described as follows. When the fluid is placed witfiin the magnetic field 
generated by magnetic particle concentrator, the paramagnetic particles are attracted to 
and held close to the wall of the tube in proximity to the magnet of the n^gnetic particle 
concentrator, i»oviding for the separation of the non-rare cells (bound to the 

IS paramagnetic partteles) from the rare cells (diat are unbound). The rare cells enriched 
accordii^ to this embodiment are substantially free of contamination by non-rare cells. 
For exa0q>le, in the case of the sqiaration of cancer cells from blood, it was found that 
the cancer cells could be almost coii4>lete]y separated from nucleated white blood cells. 
This can be advantageous because nucleated white blood cells, if presrat, can interfere 

20 with cell identification, particularly for some of the embodiments wherein polymmse 
chain reaction (PGR) m^hods are used. 

For some of the embodiments wherein tfie fluid comprisiiig rare cells and 
non-rare cells is blood, it may be de»rable to use antibodies that bind to white blood 
cells (leukocytes) and/or red blood cells (erythrocytes). Examples of suitable leukocyte 

25 antibodies include the human and anti-human leukocyte CD antibodies, e.g. , CD2, CDS, 
CD4, CDS, CD7, CD8, CDlla, CDllb. CDllc, CD14, CDIS, CD16, CD19, CD20, 
CD28, CD36, C3)42a, CD43, CD44, CD4S, CD45R, CD4SRA, CD45RB, CD4SRO, 
CDS7, and CD61 antibodies, and die like. Antibodies targeted to human CD4S, C!D3, 
CD19, CD 14, and CD36 are preferred. For exanqple, when an CD4S specific antibody 

30 is used, it recognizes the CD4S loikocyte cc»nmon antigen (LCA) family which is 
comprised of at least four isoforms of membrane glycoproteins (220, 2QS, 190, 180 kD) 
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present on cells of the leukocyte lineage. Of course, human and anti-human red blood 
cell antibodies can also be inchided. 

By way of example of a direct negative separation embodiment* the rare 
cell-containing fluid can be contacted with a mixture of anti-human CD4S, anti-human 

S CD19, anti-human CD14« and anti-human CD3 antibodies (e.g., a mixture of mouse 
anti-human CD4S IgG, mouse anti-human CD 19 IgG, mouse anti-human CD14 IgG, and 
mouse anti-human CDS IgG antibodies). Optionally, a suitable anti-human red blood cell 
antibody (e.g.. glycq[>horin A) can also be inchided in the antibody mixture. In one 
embodiment, the antibodies are bound to magnetic particles before exposing the mixture 

10 to the rare ceU-containing fluid, and the partictes are removed from the fluid using a 
magnetic partkle concentrator as described above. 

By way of exanq>le of an indirect negative separation embodiment, wtere a 
mouse anti-human CD45 IgG antibody is used as the primary antibody, the secondary 
antibody would be anti-mouse IgG antibody. The secondary antibodies can be bound to 

IS particles before use, and removed from the rare cell-containing fluid, as described above. 

In accordance with an embodiment of the invention, a kit for the enrichnmit of 
cancer cells from blood is (novided, conqmsing at least first aixi second gradient density 
media, wherem the first gradient density medium has a densi^ of at least about 1.067 
g/mL, and the seccmd gradient density medium has a densi^ of at least about 1.077 

20 g/mL, wherein the kit further comprises support particles, and at least ox antibody 
capable of binding to a cell surface antigen of a cell that is more dense than tte cancer 
cell. In a more i»eferred embodiment, the first gradient densiQr medium has a density 
of about~1.068 g/mL to about 1.077 g/mL, and the second medhmi has a density of from 
about 1.077 g/mL to about 1.085 g/mL. 

25 In other embodiments of kits according to the invration, die kit can inchide one 

or nK>re nucleic acid probes (described below in the section entitled "Further Processing 
of the Enriched Rare C^tls**) and/or one or more antibodies. If desired, such kits can 
also include one or more gnidiem density media. 

Further Processing of the Enriched Rare Cells 
30 As noted eariier, a ftnUam^risiis rare cells and iioii-nuecelk can be imx^^ 
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to provide a plurality of fluids, each havii^ an increased concentration of rare cells. 
One or more of the fluids having an increased concentration of nue cells can be 
subjected to a binding agent to bind the non-nure cells, to provide one or more rare 
cell-enriched fluids. If desffed, the fluids can be combined. For example, two rare 
S cell-enriched fluids can be combined, or a rare cell-enriched fluid can be combined with 
a fluid that has an increased concentraticm of rare cells, but was not subjected to a 
binding agent. 

Embodiments of ttie invention provide one or more rare blood cell enriched fluids 
that are suitable for a variety of purposes. 

10 Embodiments of the metlKxI accc»dii^ to the present invention also provide for 

processing or using the enriched rare cells, e.g., to identify, characterize^ and/or culture 
the rare cells. Additionally, the method provides for diagnosing cancer, particularly 
prostate cancer in men, and also allows monitoring die progress, or regression, of 
cancer, particularly during or after therapy. 

IS The present investticm further provides a method of identifying cancer cells in a 

patient's blood axnprising enridiii^ the cancer cells fnm the patient's blood by any of 
the methods set forth above, and idratifyiqg the cells using aiiy suitable proK>col and 
system. 

Embodiments of the present invention also provide for prqpariiig a dierapratic 
20 product, including, but not limited to, a vaccine. 

The cells can be ]»epared (e.g., for identificatim, characterization, and/or 
cttlturii^) by aiiy suitable procedure. Typically, an embodiment of ttie m^hod for 
identifyii^ and/w characterizing the rare cells inchides pieparing a suqsrasion ihchidmg 
the emridied cells, transferring die suspensicm of cells to a microscope slide (e.g., to 
25 prq;>are a smear), aixl examining die smear usii^ a Ughtniicroscope In the direct smear 
procedure, it is preferred to avoW packiiig die caiK:er cells down through a centrifugal 
force or redistributing these packed cells by mechanical means. 

On the other hand, if the cells are gently sedimented or centrifuged down, and 
after the supernatant is carefully removed, the loosely sedimented cells can be 
30 resuqiended by a small vohime of liquid (about 1-10 mO* and then be directly transfmed 
onto a slide (e.g., for identification) or onto a growth medhun (e.g., for colturing). One 
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protocol for transfenii^ the cells onto a slide includes resuspending the sedimented cells 
in BSA solution, and cyto^inniiig the cells wtto the slide, e.g. , by using a commercially 
available Megafiinnel™ large volume sanq>le chamber (Shandon). 

If desired, the sedimented cells can be fixed by addition of a fixative (such as 
ethanol). thus rendering die cells more damage-resistant. This can be advantageous, as 
the fixed ceUs can be leadUy transferred to the slide. However, since the cells are fixed, 
they cannot be cultured or used for PCR studies. 

If desired, a madiine collection procedure for preparing cells for identification 
can avoid exposing the cells to the stresses of centrifiigation. For example, the few 
cancer cells in sohiticni can be advantageously collected from the suq)ension and 
deposited on a membiane while creatii« gentle suction. The liquid will pass through the 
poies of the membrane, and the cells win be collected on the membiane. These cells 
are then transferred to the slide by putting the cell-containing surfece of the membrane 
onto the slide. 

A varied of tedmiques are suitaUe fw identifyiiig and/or characteriziqg the rare 
cells. Additionally, embodiments of the invention can inchide identifying and/or 
characterizing a plurality of types of rare cells, e.g.. different cancer cell types, in a 
single sample. Suitable techni(|ues inchide. for example, inununocytochemical staining 
with monoclonal antibodies, nucleic acid hybridization (inchidiog in situ hybridization) 
and polymerase chain reaction (PGR) studies. The technique can include utilizing a 
''cocktair of amibodies and/or probes. 

Ilhistratively, in swne embodiments wherein the rare cells are cdls of efuthdbl 
origin, e.g., prostate cancer cells, they can be identified by immunocytochemically 
stainmg them with monoclonal antibodies that specifically bind to. for example, PSA 
(prostate specific antigen), PSMA (prostote specific membrane antigen), PSAP (prostate 
specific acid phosphatase), cytokeratin protein, or albumin. Ahhough PSA is widely 
used for identification of prostatic cells* activities, there are certain prostate cells which 
secrete little or no PSA. Therefore, in some embodiments it may be desirable to 
alternatively, or additionally, use antibodies that specificaUy bind to PSMA. 

Of course, rare cells can also be identified and/or characterized using Dudeic acid 

hybridization protocols. For example, in some embodiments wherein the rate cell is a 
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liver cancer cell, suitable nucleic acid probes include (^gomeric probes that specifically 
bind to serum albumin mRNA and a-fetoprotein mRNA, for example. Alternatively, in 
some embodiments wherein die rare cell is a prostate cancer cell, suitable probes include 
diose specific for, for example, PSA, PSMA. chromosome 7, chromosome 8. and/or 
chromosome 18. As noted above, there are certain prostate cells which secrete little or 
no PSA. Thus, probing for PSA may be less sensitive than probing for PSMA. 

illustrative probes that are specific for mRNA encoding PSA, for mRNA 
encoding PSMA, and for the centromeric re^cfos of chromosomes 7, 8, and/or 18, are 
described in more detail below. These pnlbes are patticulaily suitable for in situ 
hybridization. 

Rq>resentative probes that are spedtic for PSMA dmstate specific nwmbrane 
antigen) mRNA include: 

SEQ. ID. No. 1: TGGCTGTGCG CTGGGGCGCT GGTGCTGGCG 
GGTGGCTTCT TTCTCCTCGG CTTCCTCTTC GGGTGGTTTA TA. 

SEQ. ID. No. 2: AGTGTCTATG AAACATATGA GTTGGTGGAA 
AAGTTTTATG ATCCAATGTT. and 

SEQ ID. No. 6: GTGTTTGAGC TAGCCAATTC CATAGTGCTC 
CCTTTTGA1T GTCGAGATTA. 

Representative probes that are speaSc for PSA (prostate speclRc antigen) mRNA 
inchide: 

SEQ ID. No. 3: GOTCCTCACA GCTGCCTACT GCATCAGGAA 
CAAAAGCGTG ATCTTGCTGO GTCGGCACAG, 

SEQ H). No. 4: CGCTGGACAG GGGGCAAAAG CACCTGCTCG 
GGTGATTCTG GGGGCCCACT TGTCTGTAAT. 

SEQ ID. No. 7: TCTTCCTCAC CCTGTCCGTG ACGTGGATTC 
GTGCTGCACC CCTCATCCTG TCTCGGATTC. and 

SEQ ID. No. 8. CAGGCTGGGG CAGCATTGAA CCAGAGGAGT 
TCTTGACCCC AAAGAAACTT CAGTGTGTGG. 

Representative probes diat are ^)ecific f(v the rep^tive sequences in centrmneric 
regions of chromosomes 7, 8 and 18 indude: 

SEQ ID. No. 5: GCTGTGGCAT TTTCAGGTGG AGATTTCAAG 
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CGATTTGAGG ACAATTGCAG (chromosome 7). 

The probes for the cemromoes can be used to detamine the immber of 
chromosomes in the ceUs, e.g., to determine aneuploidy. For example the probes for 
the centromere of chromosome 7 can be used to count the number of chromosome 7*s 
in the cell. The normal cell should be diploid, and thus exhibit two stained probe 
•dots". Deviation from the diploid state (i.e.. 1. 3. 4 or a greater number of 
chromosome 7's) would indicate aneuploidy or an abnormal number of chromosomes 
which is a very strong indicatira of a cancerous/neoplastic state. 

A suitable probe for the chromosome 8 centromere can be obtained commercially, 
for example, from Vysis, Inc. (Downers Grove» IL). 

A suitable probe for the chromosome 18 centromere is SEQ ID. No. 9: 
GTACTCACAC TAAGAGAATT GAACCACCGT. Meync et al. in MsMiJn 
Mnlecular Bioloev . 31i HyhridiTatmn Protocols. Choo, H. K. (ed.), 63-74 

(199A). This sequence can be converted to a longer seqpience. For example, it can be 
converted to SEQ. ID No. 10: ATGTGTGTAC TCACACTAAG AGAATTGAAC 
CACCGTTTTCAA. Although a sequence length of about 20 to about 60 nucleotides 

can be used, a preferred length b 42. 

Of course, rare cells can also be identified by polymerase chain reaction (PGR) 
techniques. Any PCR technique and suitable piobe(s) known to those of ordinary skill 

in the art can be onployed. 

The present invention further provides a method of identifyiqg cancer cells in a 
patiem's blood comprising enriching the cancer ceUs from die patient's blood by any of 
the methods set forth above, and subjecting die cells to in site hybridization, including 
Fluorescent In Situ Hybridization (HSH). Suitable probes include those described 
above. Additionally, exemplary in situ hybridization protocols and probes used therein 
can be found in. for example, Meyne et al. m M«^hnds in Molecular Biology. Vol. 33, 

as referenced above. 

lUustiatively. die FISH probes can be synthesized wifli deoxyribose nucleotidyl 
units, or 2'-0- methylnbosyl nucleotidyl units, or die nonionic analogs consisting of 
mediyphosphonatebackboneorphosphorothiolalenncleotidylbackbone. Suitable probes 
inchide oUgodeoxyribonudeotide probes, and picfcrably diose labeUed widi a fluorescent 
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residue. Any suitable fluorescent residue can be employed. Thus» flumscent dyes such 
as fluorescein (green), cy3 (red), cy5 (far red), cy7 (infrared), and Texas red can be the 
labels. Dual and triple in situ hybridization also can be carried out by using a 
combination of mRNA and centromere probes (differentially labeled) under the 
5 conditions described above. After a high stringency wash, the nuclei of the cells can be 
counterstained with a fluorescent DNA stain such as DAPI (diamidino phenyliixlole) or 
PI (propidium iodide). The stained cells can be analyzed for specific mRNA and 
anraploidy using any citable fluorescence microscope. Suitable systems and protocols 
includii^ the use of a fluorescent microscope include those described in, for example, 
10 Callahan, et al. Cytometry 13. 453-461 (1992), and Lesko et al. fiiL £M fis. 212. 
499-506 (1995). 

One alternate procedure for assaying aneuploidy in cancer cell nuclei is to first 
conduct specific immunocytochemical staining (for example, by stainiqg PSA, PSMA, 
PSAP, or albumin) and ax>sslinldqg the antfl)odies and antigens, followed by in situ 
15 hytM:Mization with fluorescmtly labelled centromere probes. 

One procedure for detecting epithelioid cancer cells inchides qiecific 
tnununocytochemical staining (e.g., by qrtokeratonal protein antibodies that ^ifically 
bind to cytokeratin protein e;qnessed by the cells), then postfixation and/or crosslinking 
the antibodies and antigois, followed in situ hybridizaticm for die detection of specific 
20 mRNA and chromoscnne aneuploidy. 

In order to carry out FISH, tibe slides diould be cleaned inrior to placing die cells 
on them, by immersing in a dihite hydrochloric acid sohition, e.g., O.IN HQ, at room 
temperatureforabout20nunutefordenaturationof any DNAandl^ The 
HCl sohition should contain 0.1% Triton XlOO surfactant. The slides are then rinsed 
25 widiPBS. 

The rare cells, e.g., cancer cells, can be loaded on the slides by any suitable 
procedure as previously discussed. The slides are then dehydrated by unn^rsing 
sequentially in 75% edianol, 85% ethanol, and 95% ethanol, for a period of about 2 
mimites for each ettianol immersicm. 
30 An exen^lary FISH cocktail inchides 200 ng of each PSMA and PSA probes as 

well as 250 ng of chrmiosome 7 centromere probe, 10 |d of in situ hybridization buffer 

23 



W097y38313 PCT/USyir/05586 

(25% formamide 4 x SSC for oligomere probes, and 50% fonnamide and 1 x SSC for 
commercial probes) are added to die slide. The cells are then covered with a cover slip, 
and the edges of the slide are surrounded by rubber craient and sealed. The slide should 
be kept in the oven (e.g.^ at 80"* C for about 5 mmutes) for denaturation and then 

5 incubated, e.g.. at AT" C for about 3 hours. Tte cells are then washed, e.g., with 1 x 
SSC, 65° C for about 10 minutes. The cells are subsequently stained by a suitable dye, 
such as, for example, diamidino phenylindole (DAPI), and then examined under a 
suitable microscc^. 

Embodiments of the present invration furdier inchide culturing rare cells. For 

10 example, rare cells such as cancer cells can be oiriched as described above, and 
nibsequendy placed in contact widi a suitable growth medmm. Typically, in order to 
carry out culturing the cells, die cells are loaded cmto a sterile membrane filter. 

Any suitable membrane filter known to those of ordinary skill in the art can be 
€»i4)loyed. Exanqiles of suitable membranes include microporous mmbranes. The 

15 membranes can have any suitable pore size, |Hreferably a pore size of firi»n about 0.2 /on 
to about 15 fim, and more preferably 15 /im. Examples of suitable microporous 
membranes inchide nylon 6, nylon 46, nyk>n 66, and nitrocellulose membranes. Suitable 
membranes are commercially available. 

The cells aie not "fixed" prior to k>ading onto die manbrane. The membrane 

20 widi the cells loaded onto it is dien typically placed in a collagen coated petri dish 
containing a growdi medhim widi die cells being in contact with the collagen coated 
surface. Any suitable growth medmm known to those of ordinary skill in the art can be 
employed. Anexampleof a growfli medium is PFMR-4A supplemented with 1% serum 
and additional factors n>erid, J. of Tissue Culture Mcdiods , 9. 53-60 (1985)). Examples 

25 of otfier suitable growth media inchide RPMI 1640, Coon*s F12, Dulbecco^s Modified 
Eagle Medium, McCoy's Medium, and the like. 

The cell growth can be monitored by a suitable method known to those of 
ordinary skill in die art. For nuunple, prostate cancer cell growtfi can be monitored by 
analyzh^ for PSA secretion into die cuhuie medium widi an Enzyme Linked 

30 Immunosorbent Assay (EUSA), and liver cell growdi can be monitored with an ELISA 
by assaying the secr^on of albumin or oe-fetoprotein. 
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The cultured cells have a variety of addhional uses. For example, the cells can 
be used to provide a therapeutic product^ inchiding, but not limited to, a vaccine. 

The present invention further provides a method of diagnosing cancer » particularly 
prostate cancer in men, the method conq>risiqg enrichii^ and identifying the cancer cells 
from the blood of the patient as described above 

The present invention further provides an improved method of staging cancer in 
human beings, particularly a method of staging prostatic cancer in men. For example, 
in one embodiment, the blood of a suspected cancer patient is processed as described 
above to enrich the prostate cancer cells (if present). An chanced reverse transcriptase 
(RT) polymerase chain reaction (PCR) assay utilizii^ oligonucleotide primers is then 
carried out. Since the preset inventive method is highly efficient in enriching cells and 
embodiments are capable of detecting 1 cancer cell in 6 million cells, the method of the 
present invention is significantly more sensitive than the methods reported in the 
literature, which are said to be capable of detecting one PSA-producii% cell in 100,000 
lymphocytes (Katz et al., Uypltpgy, 43, 765-775 (1994)) and 1 in 1 million cells Osraeli 
et al.. Cancer Research. 6306^310 (1994)). In addition, the present method 
identifies PSA-synthesizing cancer cells, as well as non-PSA-syntfaesizii^ cancer cells, 
such as PSMA-synthesizing cells. 

The present invention further jnovides a method of monitoring the progress, or 
regression, of cancer during w after thenq>y, and finds particular use with respect to 
prostate cancer in men. The method comprises taku« repeated blood sanq>Ies over time 
and enrichii^, isolatii^, and subsequently identifyii« the cancer cells (if present) from 
the blood of a patient suspected of having cancer as described above. Embodiment of 
fte present invention, in view of their eidianced sensitiviQr, are particularly useful in 
monitoring the efficacy of various cancer treatments by isolating and detecting cancer 
cells in the patient's blood stream. 

The following examples further flhistrate the present invention but, of course, 
should not be construed! as in any way limitiiig its scope. In all of the followiAg 
examples, the enriched cells are identified using an automated Zeiss Axiovert 35 
epifluorescent microscope equipped with a cooled charge coupled device (CCD) camera 
and filter cubes which will allow additional differential detection of fluorescein cy3, cy5. 
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and cy7 fluoresced senate. The camoa has a computer controlled dmtter. The 
comiNiter also controls the movement of the slide stage of the miooscope. 

The microscope is put in automated mode and multiple wavdength exposures are 
taken. The images arc downloaded to ttie computer via an A to D converter. The 
5 con^uter processes and records the images in digital form. 

EXAMPLE 1 

This example fllustmtes the density measurements of prostatic cancer cells and 
hepatoma cells, e.g.. to improve the efficiency in selecting suitable density gradient 
media for the practice of the presert invention. The density of the cancer cells is 
10 measured in a density gradient cohmm by determining the percent recovery of the cancer 

cells at dK interface of die culture roedmm and the gradient medium. 

A stock sohition of PERCOLL" (Sigma Chemical Co., St. Louis. MO) is 
prepared by addii« 9 parts of PERCOLL- to 1 part (V/V) of 1.5 M NaCl solution. Tlie 
osmolality of the PERCOLL" solution is adjusted with physiological saline. Final 
15 adjustment to the required osmolality can be made by adding distilled water or salts. 
Hie density of the stock PERCOLL" sohition can be cidculated from the foUowing 
formulas: 

iPo-Pl) PI = VoPo*yicP10 

^ ° iPl-PlO) Wr>Vo 



wherein 

Vx = Vohmie of diluting medhmi (ml) 

Yo = Vohmie of PERCOLL" (ml) 

Po = dewity of PERCOLL" (1.130 ± 0.005 g/ml) 

PIO = densi^ of 1.5M NaO = 1.058 g/ml 

of 2.5 M sucrose « 1.316 g/ml 
PI = doisity of stock sohition produced (g/ml) 
mis. for stock PERCOLL~in saline Pl=1.123 g/ml. and for stock PERCOLL" 

in sucrose PI = 1.149 g/ml. 

Sohitions of stock PERCOLL" can be dihited to lower densities by dihiting with 
0.15M saline (density = 1.008 g/ml) for cell isolation. The following formula can be 
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used to calculate the volumes required to obtain a solution of the desired density. 

Vy = W-l^zP) 

iP-py) 



wherein 



Vy = 


Volume of diluting medium (ml) 




Vi 


Volume of stock PERCOLL" (ml) 




PI 


density of stock solution (g/ml) 




Py = 


density of dilutii^ medium (g/ml) 




P 


densi^ of diluted solution produced (g/ml) 




Table 1. 


The preparation of several densities of PERCOLL™ solution for the 


measurement of cancer cell densities. 




Stock Solution 


0.15M Naa 


Solution density 


CPl =1.123 (g/m) (ml) 


(g/ml) 


70 


28 


1.090 


60 


40 


1.077 


50 


47 


1.067 


40 


56 


1.056 


30 


69 


1.043 


20 


80 


1.031 



The density of the cancer cells is measured as follows: 
The cancer cell lines used were obtained fhm ccnnmeicial siqipliers (e.g., the 
20 American Type Culture Collection). The LNCaP. TSU. and Hepattnna cell lines 
were cultured m RPMI 1640 with 10% FBS and 5% COt at 37»C. Cells in 5 ml of 
culture mednmi were layered on 5 ml of single PERCOLL" sirfution with a known 
density and centiifiiged at 40Qxg for 20 minmes at nxMn temperature. The interface and 
the PERCOLL"* sohition above any visibte pdtet were odlected. The number of cells 
25 in this suspension were counted and used for the calculattcm of recovery. The data are 
presented in Table 2. 
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Table 2. 


Densi^ Measurements of Cancer Cells 




Peicoll density 
(g/ml) 


Recovery (%) 






LNCaP 


TSU 


Hepatoma Gj 


1.031 


10.0 


10.0 


10.0 


1.043 


20.5 


15.0 


17.0 


1.056 


25.0 


20.5 


24.0 


1.067 


76.0 


84.5 


85.0 


1.077 


76.5 


98J 


98.0 


1.090 


76.0 


98.5 


98.0 



10 As can be seen in Table 2, 76% to 85% of the cancer cells are recovered using a 
gradient with a density of 1 .067 g/ml. With Hepatoma Gj and TSU cells, an additional 
13% to 14% cell recovery could be obtained using gradients with a density of 1.077 
g/ml. No additional recovery of cells was found with LNCaP ceUs at the higher density. 

EXAMPLE 2 

15 This example illustrates a method of separation of prostatic cancer cells using a 

single density gradient cohmm. 

Twenty ml of fresh blood was taken in two oibes. The blood was diluted 1:2 
with phosphate buffered saline (PBS). Thirty ml of the dUuted blood containing 2.3x10* 
LNCaP cells (prostate cancer cells) were layered on 15 ml of a PERCOLL"* gradient 
20 with a density of 1.068 g/ml (Gradiem I in Figure 1). The gradient column was 
centrifiiged at 400xg for twady minutes at room tenqwrahire. 

The cells at the interfece between the blood plasma and the PERCOLL" medium 

were catefiiUy removed to a new tube. Forty ml of PBS was added into the new tube 
and mixed. The PBS diluted cells were centrifiiged at 250xg for five minutes. The 
25 resulting pellet was suspended in SO of 0. 1% bovine serum albumin (BSA) solution. 

The cell suspension thus prepared was smeared on slides as spots, each with 10 
/il of the suspension. The slides were allowed to air-dry for two hours. The cells were 
fixed with 95% ethanol for fifteen minutes, and then with modified Camoy's fixative for 
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ten minutes. The slide was stoied in 75% ethanol at 4''C until used. 

The above experiment was repeated nine more times, each time with a fresh 
blood sample. The average recovery of the prostate cancer cells in the ten experiments 
was 76-86%. 

S EXAMPLES 

This example illustrates the method of separation of prostatic cancer cells using 
a higher single density gradient cohmfui. (See Figures 1 and 2A). 

The pellet from the 1.068 g/ml d^ity gradient (Gradient I in Figure 1) of 
Example 2 was resuspended in the plasma fraction from Example 2, and layered on a 
10 higher density gradient column containing 10 ml of FICOLL"* n^ium having a doisity 
of 1 .083 g/ml (Gradient n in Figure 2A). The density gradient column was centrifiiged 
at AOOxg for twenty minutes at room temperature. 

The cells at the interface between the blood plasma and the medium having a 
density of 1 .083 g/ml were carefully removed with a cell transfer pip^ and placed in 
IS a new tube. Forty ml of PBS was added to die interface cells and mixed. The PBS 
dihited cells were dien centrifiiged at 2SQxg. The resulting pellet was su^nded in 0.5 
ml of 0. 1 % by weight BSA solution. The white blood cells were counted using a light 
microscope. 

Thirty §d of mouse anti-human CD4S» CD19« CD3, CD14 monoclonal antibody 
20 (Sigma Chemical Co*)> respectively* and 10 fil of glycophorin A monoclonal antibody 
(Dako» Inc.) were added to die cell suqmision ami die tube was incubated on ice for 
thirty minutes. The cell suspension was spin down and the supernatant was aspirated. 
The cell pellet was resuqpencted with 8 x 10^ magnetic beads coated with anti-mouse IgG 
antibody (Dynal» Inc.) in 2 ml of PBS-BSA. The cdls and beads were incubated at 4^*0 
25 for 30 minutes while rotating the tube at 10 rpm/miimte. The cell-monoclonal antibody- 
mouse IgG-magnetic bead complexes were removed using a magnetic particle 
concentrator. The remairiing cells w»e collected on a slide. The slide was prepared and 
the cells were fixed as described above in Example 2. 

EXAMPLE 4 
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This example illustrates the efficiency of the procedure described in Example 2 
for isolating prostate cancer cells from blood. 

Blood samples were subjected to the procedure set forth m Example 1 , except that 
the centrifiigation was for twenty minutes instead of thirty minutes. 
5 The total number of cells, the number of cells at the interface, the number of cells 

at the bottom of the gradient were measured, and the number of cells lost was 
determined. The data are set forth in Table 3. 

Table 3. The Efficacy of Isolation of Prostatic Cancer Cells Using a Single 
Density Gradient 

Prostatic Cancer C^U lines 
LNCaPPlOO TSUwt 



10 


Total Cell Counts 


2.3x10* 


1.00x10' 




Couitts of Cells at lateiface 


1.75x10* 


8.45x10* 




(% Recovery) 


(76%) 


(84.5%) 




C(Mints of Cell at Bottom 


Few cells 


1.50x10* 




(higher densi^ cells %) 


(-1.0%) 


(15%) 


15 


Counts of Cells Lost* 


5.5x10* 


5.00x10* 




(% loss) 


(23%) 


(0.5%) 



'^Includes cells that were stuck on the tube wall and that were Inroken 
during the separation and wash. 

EXAMPLES 

20 This example illustrates the efficiency of die procedure ilhistrated in Example 3 

for isolating prostate cancer cells from blood. 

Blood sanq>les were subjected to die procedure set forth in Example 2, except that 
the centrifiigation was for twenty minutes. 

The total number of cells, the number of cells at the interface and the number of 
25 cells at the bottom of the gradirat were measured, and the number of cells lost was 
determined. The data are set forth in Table 4. 



30 



wo 97/38313 



PCT/US97/0SS86 



Table 4. The Efficacy of Isolation of Prostatic Cancer Cells Using a 



Secondary Density (1.083 g/ml) Gradient 





Prostatic Cancer 


Cell Lines 




LNCaPPlOO 


TSU wt 


Total Cell Counts* 


2.3x10' 


1.50x10* 


Counts of Cells at Interfile 


1.87x10* 


1.45x10* 


(% Recoveiy) 


(81.3%) 


(96.6%) 


Counts of Cell at Bottom 


No detection 


No detection 


(higber density cells %) 


(-0%) 


(-0%) 


Counts of Cells Lost** 


4.5x10* 


5.00x10* 


(% loss) 


(-18.7%) 


(-3.4%) 



10 *The cell suspension was the coUecticm from the tube bottom of single gradient (1.068 
g/ml) sq>aration. 

'^^Includes cells that were stuck on the tube wall and that were broken during the 
separation and wash. 

EXAMPLE 6 

IS This example illustrates a method of culturing cancer cells. LNCaP cells were 

counted and added into normal adult blood. The methods illustrated in Exanq>les 2 and 
3 were used for isolation of LNCaP cells in the artificial blood. The LNCaP cells 
isolated from the artificial blood were cultured in the growth medium RPMI 1640 
supplemented with 10% serum and additional factt>r. The culture medium was chained 

20 every three days. The cultured cells diowed positive immunostaining PSA and PSAP, 
and the number of cells in each flask increased with time in culture. 

EXAMPLE? 

This example illustrates the identificatioa of LNCaP cells or prostatic cancer cells 
from patients blood by flu(»escem in situ hybridization (FISH) with PSA-mRNA, PSMA- 
25 mRNA and chromosome centromere i^obes. 

Oligonucleotide probes specific for PSA-mRNA* PSMA-mRNA and the 
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centromeres of chromosomes 7 and 18 were synthesized and conjugated with fluorescent 
dyes such as fluorescein, cy3 and cy5. The probe for chromosome centrorone 8 was 
from a commercial source (Vysis). 

The cancer cells isolated, fixed and stored by the method described in Exanq>ies 
1 and 2 were pretreated in the solution of 0.1 M HQ - 0.1% Triton X-100 for thirty 
minutes at room temperature, and dehydrated in series grades of ethanol at 75%, 85% 
and 95% for two minutes in each grade. The samples were air dried. 

The FISH "Cocktail" comprises FISH buffer which mainly inchides 25% 
Formamide and 4XSS (for oUgomer probes) or 50% Formamide and IXSSC (for 
commercial probes), 20 fig/M PSA-mRNA probe and PSMA-mRNA probe, and 25 
Hg/ml chromosome 7, 8 and 18 centromere probes. Ten ^1 of FISH "Cocktail" were 
added on to each slide, under a coverslip. The samples were denatured at 80"C for ten 
minutes and incubated at 42"C for two hours. The slides were washed in IXSSC at 70° 
for ten minutes. Ten ^1 of antifiKle mounting medium containing 0.2 iig/nA diamidino 
phenylindole (DAPI) were used for counterstaining. After counteistaining. the samples 
were examined under a fluorescent microscope. The chromosome 7 centromeres (which 
are multiploid) exhibited green stain, and the nucleus was stained in bhie wifli DAM. 

The chromosome 8 centromeres (which are tetraploid) exhibited yellow stain, and 
the nucleus was stained in bhie with DAPI. 

The chr(Hnosomal centraneres were counted and the data are set forth in Table 

5. 
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Table 5. Ancuploidy of Chromosome 7 and 8 in the Nuclais of LNCaP Cell 
from Culture and from Cancer Cells Isolated from Cancer Patiem's Blood 



Cell No 


Chnxnosomal CentKmae 7 


Chromosomal CbntronKre 8 




LNCaP 


Patient 


LNCaP 








cancer cell 






1 


14 


8 


14 


8 


2 


4 


8 


4 


8 


3 


7 


4 


7 


4 


4 


4 


4 


4 


4 


5 


4 


4 . 


3 


3 


6 


4 


8 


4 


8 


7 


4 


8 


4 


8 


8 


5 


4 


3 


3 


9 


8 


3 


7 


4 


10 


2 


4 


3 


4 



EXAMPLES 

This example Uhistrates the identificatton of LNCaP cells or prostatic cancer cells 
fnan patients' blood by immunocytochemistry stain, as well as by chromosomal 
centron^re 7 and 8 detection. The cancer cells enriched, isolated, fixed and stored as 
described in Examples 2 and 3 were stained by immimocytochemistiy with primary 
antibodies against PSA and PAP, and secondary antibodies conjugated by .fluorescent 
dyes. After immtmocytochemistry staining, Uie samples were treated by 1% 
parafmmaldehyde for 10 mmutes at room temperature. The paiaformaldel^ tieatmatt 
provides for post-fixation of the cancer cells before fhioiescent in situ hybridization 
(FISH) as well as crosslinking the antibodies and antigens and making the complex more 
stable during the FISH procedures. The slides were pre-tieated by the solution of O.J 
M Ha 0.1 % Triton X-100 for twenty mmutes at room temperature and then dehydrated 
by 75%, 85% and 95% ethanol for two minutes in each grade. The sikles were air 
dried. 
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The FISH cocktail fluid was piqiared for chromosomal centromere 7 and 8 stain. 
The "Cocktair comprised FISH buffer which contained 50% foimamide and 2X SSC, 
and chromosomal centromere 7 and 8 DNA probes conjugated by fluorescent dyes. The 

cells, covered by 10 ^1 FISH "Cocktail" and a coverslq). were denatured at 80«C for 
five minutes, and incubated at 42'C for two to three hours. The slides were washed in 
1 XSSC for ten minutes at 60»C. Ten itl of an antifade mounting medium containing 
of 0.2 iig/ml DAPI were used for counterstaining. The samples were examined under 

a flwxescent microscope. 

LNCaP cells immunofluorescently stained for Prostate Specific Antigen (PSA) 
exhibited green stain that represented the immunoreactioD of PSA antibody m the 
cytt^lasm. 

LNCaP cells showed the hnmunofluoresccnt stain for the cell nucleus, as 

exhibited by fhs bhie stain (DAPD- 

LNCaP cells stained by immunocytochemistiy with Prostatic Specific Acidic 
Phosphatase (PSAP) antibody showed the stain in the cytoplasm, while the blue stain 
showed the nucleus stained widi DAPI. 

Prostatic cells ftom the blood of prostatic cancer patients were stained in the 
cytoptesm (green) by immunochemistry with PSA antibodies, and then stained by HSH 
with chromosome centromere 7 (bhie) and chromosome centromere 8 (red) probes in the 
nuclois. 

EXAMPLE9 

This example ilhistrates the efficiency of enriching and isolating cancer cells by 
the method described in Examples 2 and 3. 

Blood samples were reconstitoted with LNCaP cells at vaiying ratios of white 
blood cells (WBC) to LNCaP cells. The ceU recovery data set forth in Tables 6 and 7 
confirm tiiat tiw cancer cells are recoverable at high recovery percentages. 

Table 6. Recovery of LNCaP Cdb from Reconstituted Mood 



WBCiLNCaP 



WBC LNCaP Recovery of LNCaP, 
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Counts % 



500:1 


2.76x10' 


6.5x10* 




5.5x10* 


84.6 


1000:1 


2.76x10' 


3.2x10* 




2.7x10* 


84.6 


10000:1 


2.76x10' 


3.2x10' 




2.8x10* 


86.2 


0:20000 (control) 0 


2.3x10* 




1.8x10* 


78.3 


TaMi> "J 
ioulc / . 


Recovery of prostatic cancer cells (LNCaP) in the reconstituted blood 


Sanmle No 


Ouandtv of Blood 


WBC Counts LNCaP Cell Counts Recovery 


51-9B3329 


9.0 ml 


1.57 x 10» 


-100 


85 


85% 


51-5B3320 


9.0 ml 


1.47 X 10» 


-100 


80 


80% 


51-OB3340 


9.0 ml 


1.78 X 10» 


-100 


97 


97% 


51-0B3337 


9.0 ml 


1.70 X 10» 


-100 


95 


95% 


51-0B3314 


9.0 ml 


6.64 X 10' 


-100 


82 


82% 


51-7B3333 


9.0 ml 


1.26 X I0« 


-100 


94 


94% 


51-OB3323 


9.0 ml 


1.09 X 10" 


-100 


90 


90% 


Sl-eB3339 


9.0 ml 


7.84 X 10' 


-100 


96 


96% 


S1-2B3330 


9.0 ml 


2.32 X 10» 


-100 


75 


75% 


S1-8B3310 


9.0 ml 


1.59 X 10» 


-100 


90 


90% 


N=10 


9.0 ml 


1.42 X 10* 


-100 


88.4 


88.4% 



The LNCaP cells isolated fircmi the leconstitiited blood had less than 1% of the 
original WBC concentration. The coni|x»)ems of contamination were in the following 
20 order: mcmocytes > lyn4>hocytes > eosinqidiils. The LNCaP cells isolated from the 
reconstituted blood have been found to grow in RPMI 1640 culture medium. The WBC 
contamination can be lowered by changing the culture medium after 3 days. 

EXAMPLE 10 

This example ilhistrates the identification of LNCaP cells or prostatic cancer c^lls 
25 from patients* blood by the combination of immunocytochemistry stain with cytdceratin 

35 



wo 97/38313 



PCT/US97/05586 



monoclonal antibody, FISH with chromosomal cratiomere 7 and 18 probes, and PSMA 
mRNA probe. 

The sample is fixed with 100% acetone at room temperature for two to three 
minutes. The slides are air-dried, and stored at room temperature in a slide box. The 

5 slides are incubated in O.IM Tris washing buffer at room temperature for ten minutes, 
and the liquid is removed from the surface of the slides. Twenty five /il of FITC 
coiyugated Anti-Cytokeratm (CAM5.2) rmmoclonal antibody (Becton-Dickinson, San 
Jose, CA; Cat. 347653) (1:2 dilution) is added onto the slides. The slides are incubated 
with a coverslip in a humid box at 37*C for one hour. The slides are uncovered and 

10 washed in the O.IM Tris washing buffer at room temperature for ten minutes. Theslides 

are then air-dried in a dark area. 

The 1 % paraformalddiyde witfi 0.1 M MgC12 is prepared and pre-cooled on ice. 
1.0 ml of the 1% parafonnalddiyde is dropped on the sample area. The sample is fixed 
at room temperature for 2-5 minutes. The fixative is removed from the surface of tte 
15 slide, and the slide is air-dried at room temperature. 

The FISH mixture (per sample) is prepared according to the following: 



FISH buffer (Oncor) 9.0 ^ 






CyS-Chromosomal cemnmiere probe 18 


28ng 


O.S 111 


Cy3 conjugated PSMA-mRNA probe 


25ng 


0.5 111 


CyS-PSArinRNA probe 


25ng 


0.S 111 


CyS-ChnMnosoma) centromere probe 7 


28ng 


O.S|ir 


CyS-Chiomosonaal centromere prote 8 


28ng 


0.5 III 


FISH mixture is added onto the san^ area 


. The 


coverslip is added and 



sealed with rubber cement. The sample is denatured at 85 for seven miinites, and ttie 
25 slide is incubated at 42*'C for two hours. The slide is washed in 1 X SSG at WC for 
five minutes, aiMl the sample is air-dried at room temperature. The sample is 
counterstained with DAPI» and the sl^ is examined under a fluorescent microscope. 
The results are summarized in Table 8. 
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Table 8. I>eteaion of five prostatic cancer cell lines with cytokeratin 
immunocytochemistry staining and fluorescent in situ hybridization (FISH) of prostatic specific 
membrane antigen (PSMA) mRNA probe and chromosomal centromere 8 and 18 probes as well 
as DAP! nucleus staining (Percentage of positive staining). 



Caitcer cell line 


Immunocytochemistiy 


PSMA-mRNA 


Chromosome 8 & 18 


OAPI 


LNCaP 


100% 


100% 


aneuploid (95-100%) 


100% 


TSU-PRI 


100% 


100% 


aneupioid (95-100%) 


100% 


DUMS 


100% 


100% 


annqrfoid (95-100%) 


100% 


PC-3 


100% 


100% 


aneuploid (95-100%) 


100% 


PPC-1 


(-) 


(-) 


aneuploid (95-100%) 


100% 



The prostatic cancer cell is stained with Cy3 conjugated Prostatic Specific 
Membrane Antigen (PSMA) mRNA probe in die cytoplasm. The cell shows four 
greenish chromosomal centromere 7 signals in the nucleus stained by hunum 7 
chromosomal centromere probe conjugated by fluorescein. The nucleus is stained with 
15 bhie DAPL 

Another prostatic cancer cell has greenish cytokeratin stain in the cytoplasm and 
chromosome 8 autopolyploidy signals (four red spots) in the micleus stained by DAPI. 
A white blood cell exhibits a blue nucleus with two chromosomal 8 signals (the normal 
chromosomal number). 
20 EXAMPLE 11 

This example illustrates tte successful isolation and idratifkation of prostate 
cancer cells from the blood of advanced prostate cancer patients by using the procedure 
in Exan4>le 2, 

The patient number, die vohmie of blood samples collected, and the number of 
25 prostate cancer cells isolated, are s^ forth in Table 9. 
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Table 9. Collection of Prostatic Cancer Cells from the Blood of Advanced 
Cancer Patients 



/XT ia\ 

(IN — IJJ 


Blood Ouantitv (ml) 


Prostatic Cancer Cells 
fcounts) 


PC253 


10 


200 


PC254 


20 


140 


PC255 


27 


260 


PC256 


9 


6 


PC257 


27 


90 


PC258 


IS 


40 


PC259 


27 


No detection 


PC260 


22 


Fail to spin 


PC261* 


15 


No detection 


PC262* 


15 


No detection 


PC263 


7.5 


No detection 


PC264 


16 


No detection 


PC265 


9 


20 


*Coiitrol sample from nonnal aduh blood 



EXAMPLE 12 

This exanq[)le illustrates the successful isolation and identification (see the 
procedure in exa]iq>le 10) of prostate cancer cells fmn the blood of advanced prostate 
cancer patients. 

In experiment I, the parallel study, ±t same sample was aliquoted into two equal 
parts and processed by same procedure. The patient nuniber, the vohmie of blood 
sample collected, and the number of prostate cancer cells isolated, are set forth in table 
10. The conclusion of the parallel study is that the isolation procedure is reproducible. 

In experiment n, die storage ^u^, tte same sample was aliquoted into two equal 
parts and processed by same procedure. The sanq>les in the Group A were processed 
within 24 hours and the samples in die Group B were processed after 72 hours storage 

» 
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at 4''C. The patient number, the vohune of blood sample collected, and the number of 
prostate cancer cells isolated, are set forth in table 11. The conchision from the storage 
study is that cancer cells were generally not preserved after 72 hours storage. In the one 
case wherein the cells were preserved after 72 hours storage, the cancer cells are smaller 
5 in size (approximately the size of monocytes), but with very typical and very intensive 
cytokeratonal system staininig in the cytoplasm. 

Table 10 Detection of Prostatic Cancer cells From Blood of Advanced Cancer Patients 



Experiment I: 



10 


Series 
No. 


Age 


PSA Quant. Bid. 
(U/L) (nd) 






Total No. 




Ir A 


58 


19.9 


20 


3 


4 


7 




If A 


58 


81.1 


18 


2 


3 


5 






72 


76.0 


18 


5 


4 


9 




If » 


66 


44.9 


15 


2 


2 


4 


15 


05 


69 


<0.1 


20 


1 


2 


3 




06 


? 


18.6 


18 


2 


2 


4 




#7 


63 


388.2 


20 


2 


3 


5 




#8 


78 


212.6 


20 


6 


4 


10 




1/9 


74 


379.1 


20 


1 


5 


16 


20 












1 cluster 


2 duster 




#10 


67 


61.7 


20 


2 


1 


3 




#11 


71 


182.6 


20 


1 


1 


2 




#12 


42 


4.4 


20 




0 


0 




#13 


S3 


85.7 


20 


8 


7 


15 


25 


#14 


59 


37.7 


20 


0 


0 


0 




#15 


59 


6.1 


20 


0 


0 


0 




#16 


58 


337.3 


15 


5 


5 


10 




#17 


67 


14.69 


20 


0 


1 


1 




#18 


81 


17.5 


20 


11 


12 


23 


30 


#19 


72 


9.7 


20 


0 


0 


0 




#20 


81 


61 


20 


1 


2 


3 




#21 


54 


43 


20 


3 


4 


7 




#22 


61 


<0.1 


18 


0 


0 


0 




#23 


69 


1.15 


20 


0 


0 


0 


35 


#24 


61 


443 


18 


0 


0 


0 




#25 


61 


25.1 


16 


1 


1 


2 




* The nme ami 


pte wag nWquniwI 


into two equal 


1 pMts nd proc 


csacdbyaui 


w procedure. 
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Table 1 1 Detection of Prostatic Cancer Cells From Blood of Advanced Cancer Patients 
Experiment II: 



Series 
No. 


Age 


PSA Quant. Bid. 
(U/L) (ml) 


Cancer cells 
Group A Group B 


Total No. 


m 


81 


100 


16 


12 


12 


24** 


m 


58 


44 


20 


0 


0 


0 






? 


15 


0 


0 


A 
U 


n 


58 


52.6 


20 


2 


0 


2 


n 


68.3 


72 


20 


3 


0 


3 


m 


63 


381.5 


20 


2 


0 


2 


#13 


53 


26.2 


20 


4 


0 


4 


#16 


58 


23.2 


20 


, 0 


0 


0 


#25 


61 


24.1 


20 


2 


0 


2 


#27 


58 


14.6 


20 


1 


0 


1 



IS The cancer cells are smaller in size (apfffoximately sin of monocyies). but with very typical and very imeosive 

staining ^tokeraional system in the cytoplasm. 

EXAMPLE 13 

This example illustrates a method of sq>aratiQn of prostatic canc^ cells using a 
sixigle density gradient cohmm. 
20 Blood samples were subjected to the procedure as set forth in Example 2, except 

that the centrifugation of tte gradient column with a density of 1.068 g/nd was carried 
out at 400xg for 30 inumtes 31 room temperature, rather than for 20 ininutes. Theslides 
were prepared as described in Example 2. 

The experiment was repeated nine more times, each time widi a fresh blood 
25 sample. The average recovery of the prostate cancer cells in the ten experiments is 70- 
80%. 

EXAMPLE 14 

This exanq>le illustrates a method of separation of prostatic cancer cells using a 
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double density giadient column. 

The pellet from the density gnulient of Example 13 is resuspended in the plasma 
fraction from Exan4>le 13, and layered on a double density gradient column containing 
10 ml of FICOLL™ medium having a density of L083 g/ml and 5 ml of FICOLL"^ 
medium having a density of 1.077 g/ml. The 5uq)ension is layered onto tte column so 
that it is in contact with the medium of lower density, which in turn is in ccmtact with 
the higher density medhmn. Thus, usmg the left side of Figure 2B for reference. 
Gradient III has a density of 1.077 g/ml, and Gradient 11 has a density of 1.083 g/ml. 
The density gradient column is centrifuged at 400xg for 30 minutes at room temperature. 

Using die right side of Figure 2B for reference, the cells at tl^ interface 
(Interface II between the blood planna and die Gradient II and JB) were carefully 
removed with a ce]] transfer pipette and placed in a new tube. Forty ml of PBS was also 
added to the new tube and mixed. The PBS dihited cells were then centrifuged at 250xg. 
The resultii^ pellet was suq)ended in 2 ml of 0.1 wt.% BSA sohition. The white blood 
cells were counted using a light microscq[)e. 

CI>4S-Dynalbeads were added to the above cell suspension (about 3 beads per 1 
WBC were used). The cell suspension was incubated with die Dynalbeads for 30 
minutes at 4''C widi gentle shakiz^. The tube contaimpg dte cells and the beads was 
placed in a magnetic partKle concentrator (Dynal Corp.) and the cells in suspension were 
pipetted iitto a new tube itavmg die beads and attached blood cells hdd in place in die 
tube by die magnetic particle concentrator. 

The cell suspension was centrifuged at 2S0xg. The pellet obtained was 
resuq)emfed in 30 ^ of 1 wt.% BSA sdution. The ceU suspension dius prepared was 
smeared on slides ieqpots, each widi 10 mL of die suspoision. The slides were allowed 
to air dry for two hours. The ccBs wane fixed widi 95% edianol for 10-15 minutes, and 
dien widi modified Camoy^s fixative. 

EXAMPLE 15 

Thisexan4>le iUustrates die efiBciency of die procedure ilhistrated in Example 13 
for isolating prostate cancer cells from blood. 

Blood samples are subjected to die procedure set f ordi in Exanq>le 14 , except that 
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centrifugation of the double density gradient column is perfonned for 20 minutes instead 
of 30 minutes. 

The total number of cells, tfie number of cells at the interfece. the number of cells 
at the bottom, and the number of cells lost are measured. The data are set forth in Table 
12. 

Table 12. Isolation of prostatic cancer cells using a double densiQr gradient. 



Prostatic Cancer Cell Lines 
LNCaP PlOO TSU wt 



% cells at interfKe* 


"1% 


14.5% 


% cells at the bottom* 


0 


~l% 


% cells lost 


0 


0 



•This column contains cancer cells that "leaked" ftom Ac 1.068 g/nU gradient cohmm. 

EXAMPLE 16 

This example illustrates the enrichment of prostatic cancer cells using a double 
density gradient column. 

Twenty ml of ftesh blood is taken into two tobes. The blood is diluted 1 :2 PBS. 
Thirty ml of the diluted blood is layered on top of a double dnisity gradient column 
which has an upper layer of 10 ml of 1 .068 g/ml Histopaque™ (Sigma Chemical Co.) and 
a lower layer of 10 ml of 1 .083 g/ml Histopaque" as Ulustrated in the left side of Figure 
3. The cohunn is centrifiiged at 400xg for 30 minutes at room temperatore to form 6 
layers as diown in die right ade of Figure 3. 

After centriftigation. Interfoce I and Giadiett I are careftilly removed and placed 
in another dibe, and Interface n and Gradient D are also carefidly removed and placed 
in yet another tube. 

Forty ml of PBS is added to die tube comaining the Interfisce I and Gradioit I. 
andmixed. The PBS dihited cells are centrifiiged at 250Kg for 5 minutes. Theresultant 
pellet is suspended in SO /tl of 1% BSA solution to form a cell suspension diat is 
smeared on a slide as a spot. The slide is air dried for at least two hours. Thecellsarc 
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fixed with 95 % ethanol for 15 minutes, and then with modified Carnoy *s fixative for 10 
minutes. The slide is stored in 75% ethanol at 4''C until used. 

As noted above. Interface II and Gradient II are also carefully removed to a new 
tube. Forty ml of PBS is added to the new tube and mixed. The PBS diluted cells are 
5 centrifiiged at 25Qxg for 5 minutes. The resultant pellet is suspended in 2 ml of 1% 
BSA solution. CD45-Dynalbeads are added to the cell su^nsion (about 3-10 beads per 
white blood cell (Irakocyte)), and the suspension was incubated with the Dynalbeads for 
30 minutes at with gende rotation. 

The tube containing the cells and beads is placed on a Dynal magnetic 
10 concentrator. The concentrator is operated to attract the beads and attached blood cells 
to the wall of the tube. 

The suspension containing the cancer cells is pipetted into another tube. Slides 
are prepared as described above. 

EXAMPLE 17 

15 This exanq>fe illustrates the efficiency of the procedure described in example 16 

for isolating prostatic cancer cells from blood. The procedure described in Example 16 
is repeated nine more times, eadi time with a fresh blood sample containii^ LNCaP 
cells. The average recovery of the prostatic cancer cells firom Interfiace I and Gradient 
I is about 70-80%. The average recoveiy of die prostatic cancer cells from Interface II 

20 and Gradient II is about 5-10%. 

All of the nucleic acid sequences listed in this application are set forth in the 5'-3* 
ccHifiguraticm. 

All of the ref(»races cited herein mchiding patents and publications are hsidby 
incorporated in their entireties by reference. 
25 While the invention has been described and disclosed herein in connection with 

certain preferred embodiments and procedures, it is not inteiKled to limit the invention 
to those specific embodiments. Rather it is intencted to cover all such alternative 
emlxxliments and modifications as fall widiin the spirit and scope of die invoition. 
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SEQUENCE LISTING 

(I) GENERAL INFORMATION: 

(i) APPLICANT: Ts'o, Paul O.P. 

Hang, Zheng- Pin 
Lesko, Stephen A. 
Nelson, William 6. 
Parting Alan W. 

(ii) TITLE OP INVENTION: A HBTBOD OF ENRICHING RARE CELLS 

(ill) NUMBER OF SEQUENCES: 10 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Leydlg, Voit 6 Mayer, Ltd* 

(B) STREET: 700 Thirteenth St., NN 

(C) CITY: Washington 

(D) STATE: DC 

(E) COUNTRY: US 

(F) ZIP: 20005 

(v) C O MPU TKK READABLE FORM: 

(A) MEDIUM TYPE: Fl^nPY 

<B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.30 

(vi) CUH HBN T APPLICATION DATA: 

CA) APPLICATION NUMBER: WO 

(B) FILING DATE: 

(C) CLASSIFICATION: 

Cvii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 60-014929 

(B) FILING DATE: 05-APR-1996 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 
(A) NAME: Jay, Jeremy M, 

CB) REGISTRATION NUMBER: 33587 

(C) REFBRENCB/DOCXET NUMBER: 73378 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELBPBC^: 202-737-6770 

(B) TELEFAX: 202-737-6776 

(2) INFORMATION FOR SEQ ID NO. 1: 

(i) SEQUENCE CHARACTERISTICS: 
" (A) LENGTH: 72 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid (synthetic DNA) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 1: 

TGGCTGTGCG CTOGGGCGCT GOTOCTGGCG W rU GC Ti Xn ' TTCTCCTCGG CTTCCTCTTC 
GGGTGGTTTA TA 

(2) INFORMATION FOR SEQ ID NO, 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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MOLECULE TYPE: Other nucleic acid (synthetic ZXNA) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 2: 
AGTGT C TATG AAACATAT6A GTTG6TGGAA AAGTTTTATG ATCCAAT6TT 50 
(2) INFORMATION FOR SEQ ID NO. 3: 

(i) SEQUENCE CRARACTERXSTICS: 

(A) LENGTH: 60 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNBSS: single 

(D) TOPOXiOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid (synthetic DNA) 

(xi) SEQUENCE DESCRIPTION: SEQ ID MO. 3: 
66TCCTCACA GCT6CCCACT 6CATCAG6AA CAAAAfiCOTG ATCTT6CTG6 GTOGGCACAG 60 
(2) INFORMATION FOR SEQ ID NO. 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid (synthetic DNA) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 4: 
C6CTGGACA6 G6GGCAAAA6 CACCTGCTCG GCHQATTCTG 6G66CCCACT TGTCTGTAAT 60 
(2) INFORMATIC»l FOR SEQ ID NO. 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TYPE: nucleic acid . 

(C) STRANDBDNBSS: single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: Nucleic acid (synthetic DNA) 

(xi) SEQUENCE DESCRIPTION: SBQ ID NO. 5: 
GCTGTQ6CAT TTTCAGGTG6 A6ATTTCAAO OGATTIUAGG ACAATTGCA6 50 
(2) INFORMATION FOR SBQ ID NO. 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TYPE: nucleic acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPB: Other nucleic acid (synthetic X3NA) 

(xi) SEQUENCE DESCRIPTION: SBQ ID HO. 6: 
GT6TTTQAOC TAOCCAATTC CATAGTGCTC CCTTTT6ATT OTCGAGATTA 50 
(2) INFORMATim FOR SBQ ID NO. 7: 

(i) SEQUENC E CH ARACTERISTICS : 

(A) LENGTH: 60 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid (synthetic DNA) 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 7: 
TCTTCCTCAC CCTGTCCOTG ACGTGGATTG GTGCTGCACC CCTCATCCTG TCTCGGATTG 60 
(2) INFORMATION FOR SEQ ID NO. 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : single 
CD) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid (synthecic DNA) 

(xi) SEQOENCB INSCRIPTION: SEQ ID NO. 8: 
CAGGCTGGG6 CA6CATTGAA CCAGAGGAGT TCTTOACCCC AAAGAAACTT CA0TGTQTGO 60 
(2) INFORMATION FOR SEQ ID NO. 9: 

(i) SEQUENCE CBARACTBRISTICSt 

(A) LENGTH: 30 base pairs 

{B) TYPE: nucleic acid 

(C) STRANraDMBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid (synthetic DNA) 

(X) PUBLICATION INFORMATION: 

(A) AUTHORS: Meyne, Julianne 

Moyzis, Robert K. 

(B) TITLE: In Situ H^ridization Protocols 

(C) JOURNAL: Meth. in Mol. Biol. 

(D) VOLUME: 33 

(F) PAGES: 63-74 

(G) DATE: 1994 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 9: 
GTACTCACAC TAA6A6AATT GAACCACOGT ^ 
(2) INFORMATION FOR SEQ ID NO. 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEE»IBSS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid (synthetic DNA) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 10: 

ATGTGTGTAC TCACACTAAG AOAATTQAAC CAC0(3TTTTG AA 42 



46 



wo 97/38313 



PCT/US97/05586 



WHAT IS CLAIMED IS: 

1. A method for enriching rare non-blood cells in a fluid sample comprising rare 
non-blood cells and non-rare cells, whmin the ratio of the rare non-blood cells to the 

5 non-rare cells is at least about 1:100,000, comprising: 

(a) obtaining the fluid sample comprising rare non-blood cells and non-rare 

cells; 

(b) subjecting the fluid sample to density gradient separation and producixig a 
first fluid (I) con4>risiqg an iiKnreased concentraticm of rare non-blood cells, and a 

10 second fluid (II) comprising an increased concentration of rare non-blood cells; 

(c) subjecting at least one of said first fluid Q) and said second fluid (II) to a 
binding agent that binds non-rare cells; 

(d) removing the bound ncm-rare cells fiom the first fluid (I) and/or the second 
fluid (II) to provide a first fluid (la) enriched with rare non-blood cells and/or a 

15 second fluid (Da) enriched with rare noi>-blood cells. ^ 

2. The method of claim 1, OHnprising subjecting tte second fluid (II) to an agent 
that binds non-rare cells; removing ttie bound non-rare cells from the second fluid (II) 
to provide a second fluid (Ha) enriched with rare non-blood cells; said method further 

20 onnprising: 

combining the second fluid (Ila) enriched with rare non-blood cells with the 
first fluid (I) comprisii^ an increased concentraticHi of rare non-blood cells to fonn a 
third fluid (III) enriched with rare ncm-blood cells. 

25 3. The method of claim I,c(m4)ri5ing increasing by at least abom 100^ 

concentration of die rare DOi>-blood cells in die first fhiid (la) enriched with rare 
non-blood cells and/or the second fluid (Da) enriched with rare non-blood cells 
compared to the concentration of the rare mm-blood cells to the non-rare cells in the 
fluid sample. 

30 

4. The mediod of any cme of claims 1-3, wherein sakl rare non-blood cells are 
alive during the course of said method. 
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5. The method of claim 1, wherein said rare non-blood cells are epithelial cells. 



6. The method of claim S» wherein said epithelial cells are cancer cells. 

5 7. The method of claim 6» wherein said q>idielial cells are prostate cancer cells. 

8. The method of claim 7, further comprisii^ characterizing the prostate cells 
using at least one {wostate-specific marker expressed by ttie prostate cells. 

10 9. The method of claim 8, comprising detecting at least one of a prostate-qiecific 

antigen and a prostate-specific menrixane antigen. 

10. The method of claim 5, further comprising characterizing the prostate cells 
using a cytokeratin protein marker e^resised by the prostate cells. 

15 

11. The method of claim 9, wherein at least wie of Ae prostate-specific antigen 
and the prostate-specific membrane antigen is detected using a nucleic acid probe that 
specifically binds to the mRNA of said antigen. 

20 12. The m^od of claim 11, wherein said probe is selected from the groiq> 

consistii^ of SEQ. ID. Nos. 1, 2, and 6. 

13. The method of claim 11, wherein said probe is selected from the gro^ 
consisting of SEQ. ID. Nos. 3» 4» 7» and 8. 

25 

14. The method of claim 9» wherein at least one of die prostate-qiecific antigen 
and die pro5tate-q)eciftc membrane antigen is detected using an antibody that 
specifically binds to said antigen. 

30 15. The method of claim 6 or claim 7, further con^msing charactetiaong ploidy 

state of the epithelial cell usiiig at least one centromere specific marker. 
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16. The method of claim IS, wherein the centromere specific maiicer comprises a 
nucleic acid probe that specifically binds to a complementary sequence of the 
centromere DNA. 

17. The method of claim 16, wheiein said probe comprises SEQ. ID. No. 5. 

18. The method of claim 16, wherein said probe comprises SEQ. ID. No. 10. 

19. The method of claim 1» wherein said binding agent comprises an antibody. 

20. The m^hod of claim 19, whmin said binding agent comprises at least two 
primary antibodies fnm animals that are capable of bindu^ to different non-rare cell 
antigens. 

21. The m^od of claim 19, wheiein said binding agent comprises a primary 
antibody from an animal that binds to a non-rare cell, ami a secondary anti-antibody 
from another ^)ecies than the primary antibody, wherein said secondary anti-antibody 
binds to the primary antibody. 

22. The method of claim 20. wheiein the at least two primary antibodies are 
capable of binding to human non-rare cell antigens, and the biiuling agrat further 
comprises secondary antibodies capable of binding to the two primary antibodies, 
wherein the primary antibodies are from a different ^[lecies than the secondary 
antibodies. 

23. A method for enricfaiqg prostate cancer cells in a blood sample comprising: 

(a) obtaining die blood saoople CMaprising prostate cancer cells; 

(b) subjecting the blood sample to density gradient squration and producii^ a 
first fluid comprising an increased concentration of prostate cancer cells of a first 
density, and a second fluid cmxq>rising an increased concentration of prostate cancer 
cells of a second density, wherein the secrad density is greater than tfie first density; 

(c) ^bjectiqg said second fluid to a binding agent that binds white blood cells 
and/or red blood cells; 
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(d) removing the bound white and/or red blood cells from the second fluid to 
provide a second fluid enriched with the greater density prostate cancer cells. 

24. The method of claim 23, wherein subjecting the blood sample to density 
gradient separation comprises using at least one density gradient medium having a 
density of no less than about 1.06 g/ml. 

25. The method of claim 24, including subjecting the blood sample to 
centrifugation with a density gradtent medhmi of no less than about 1.06 g/ml and 
producing a first plasma layer, a first interface layer/a first gradient layer, and a first 
cell pellet; 

and wherein producing the second fluid comprising an increased com:entration 
of prostate cancer cells of a second density includes combining the first plasma layer 
and the first cell pellet and forming a suspension, said method further c(miprising 

subjecting the suspension to centrifugation with a density gradient including at 
least one density gradient medium haviiig a drasity of no less than about 1.07 g/ml. 

26. A method for enriching rare non-blood cells in a fluid sample cOT4>rising rare 
non-blood cells and non-rare cells, wherein the ratio of the rare non-blood cells to the 
non-rare cells is at least about 1:100,000, comprising: 

(a) obtainii^ the fluid sample comprising rare non-blood cells and non-rare 

cells; 

(b) subjectiqg the fhiid sample to density gradient separaticm and producing a 
fluid con^risiiig an increased concentration of rare non-blood cells; 

(c) subjectir^ the fluid amq>rising an increased concentration of rare 
ncm-blood cells to a bindiiig agent that binds non-rare cells; 

(d) removing the bound non-rare cells from the fhiid to provide a fluid 
enriched with rare non-blood cells. 

27. A method of d^ecting rare non-blood cells in a fluid comprising rare 
non-blood cells and non-rare cells, which method comprises providing a fluid 
enriched with rare non-blood cells by the method of claim 1 or claim 26, and 
analyzing said fluid to detect said rare non-blood cells. 
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28. A method of detecting prostate cancer cells comprising providing a fluid 
enriched with prostate cancer cells by the method of claim 7, and analyzing said fluid 
to detect the prostate cancer cells. 

29. The method of claim 1 or 26, further comprising determining the number of 
chromosomes in the rare non-blood cells. 

30. The method of claim 7 23» further comprising determining the number of 
chronK>somes in the prostate cancer cells. 

31. The method of claim 29, including determiniqg the presence of anoiploidy in 
the rare non-blood cells. 

32. The method of clahn 3 or claim 26, comprising increasing by at least about 
SOO-fold the concentration of the rare non-blood cells compared to the concentration 
of the rare non-blood cells to the non-rare cells in the fluid sample. 

33. The method of claim 6, wherein the cancer cells are human liver cells, 
hepatoma cells, or hq>atocan:inoma cells. 

34. The nsethod of claim 6, wherein said fhiid is a human bodily fluid. 

35. The method of claim 32, wherein said fhiid is blood. 

36. A method for enrichiqg cancer cells in a blood sanq)le comprisixig: 

(a) obtaining the blood sample comprising cancer cells; 

(b) subjectii^ die blood sanqple to densi^ gradient separation and producing a 
first fluid comprising an increased concentration of cancer cells of a first density, and 
a second fluid comprising an increased concentration of cancer cells of a second 
dmsi^, wherein the second density is greater than the first density; 

(c) subjecting said second fluid to a binding agent that binds white blood cells 
and/or red blood cells; 
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(d) removing the bound white and/or red blood cells from the second fluid to 
provide a second fluid enriched widi the greater density cancer cells. 

37. The method of clahn 36 comprising subjecting the second fluid comprising an 
increased concentration of cancer cells of a second density to a binding agent that 
binds white blood cells and red blood cells, and removing the bound white blood cells 
and bound red blood cells from the second fluid to provide a second fluid enriched 
with the greater density cancer cells. 

38. The method of claim 4, wherein said rare non-blood cells are cancer cells. 

39. The method of any one of claim I, 23, or 26, wherein said rare n<m-blood 
cells are cancer cells. 

40. The method of claim 23 or 26, wherein the cells are alive during ttte course of 
said method. 

41. A method for enridiing rare cells in a fluid sample comprising rare cells and 
non-rare cells, comprisiiig: 

(a) obtaining tfie sample omqirising rare cells and non-rare cells; 

(b) subjecting tiie fluid sanq>le to density gradient sq)aration and producing a 
fluid having an increased concentration of rare cells; 

(c) subjecting the fluid having ^ increased concentration of rare cells to a 
binding agent that binds non-rare cells; 

(d) removing die bound nothnm cells from ttie fluid to provide a fluid 
enriched with rare cells. 

42. The method of claim 41, wherein the rare cells are alive during the course of 
said method. 

43. The method of claim 41 or 42, wherein the rare cells comprise cancer cells. 
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44. The method of claim 41 or 42» wherein the rare cells comprise non-blood 
cellSt and the non-rare cells comprise blood cells. 

45. The method of claim 41 or 42. wherein the non-rare cells con^nrise blood 
cells. 

46. The method of claim 45, wherein tfie blood cells comprise leukocytes and red 
blood cells. 

47. A rare non-blood cell enriched fhiid piqmed in accordance with any one of 
clahns 1. 23, or 27. 
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